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1.0  INTtOOUCTION 


1.1  lacfcgrauisd 

Xu 

The  Human  Reliability  Prediction  System  Program  was  initiated  by  the  Advanced 
Development  Objective,  43-1 3X.  The  objective  of  this  program  was  to  develops  technology  for  predicting 
and  demonstrating  the  system  effectiveness  parameters  of  combined  man-machine  systems.  Specific  param- 
eters, such  as  system  mission  reliability  and  availability,  and  design  oriented  measures,  such  as  human  and 
equipment  mean  time  between  failure  (MTBF)  and  mean  time  to  repair  (MTTR),  were  considered. 

Before  this  program , no  tools  existed  for  measuring  the  impact  of  human  reliability  on 
system  performance,  and  there  was  no  effective  procedure  for  predicting  human  reliability  in  a weapons 
systems  environment. 

Project  W43  I3X  was  established  in  FY  69.  The  Chief  of  Naval  Materia)  designated  the 
Naval  Air  Systems  Command  (NAVA1R)  as  the  Principal  Development  Activity  and  assigned  supporting 
responsibilities  to  the  Naval  Ships  Systems  Command  (NAVSH1PS)  and  other  Navy  organizations.  In 
NAVA1R.  the  project  was  assigned  to  AIR  303. 

The  management  responsibility  for  the  Human  Reliability  Prediction  System  was  given 
to  Naval  Sea  Systems  Command  (NAVSEA).  The  project  team  consisted  of  personnel  from  Naval  Under- 
water Systems  Center  (NUSC),  Applied  Psychological  Services,  and  Tracor.  These  team  members  have 
developed  a set  of  procedural  tools  which  can  be  used  by  project  managers  to  evaluate  combined  human, 
system,  and  equipment  reliability  and  maintainability. 

For  information  contact: 

Mr.  Kenneth  P.  LaSala 
NAVMAT  08  E 
(202)692-1106 


1.2  Available  Tools  and  Models 

The  Human  Reliability  Program  has  sponsored  the  development  of  a number  of  tech- 
niques for  estimating  the  impact  of  human  performance  on  system  performance,  reliability,  and  maintain- 
ability (see  figure  1-1).  The  program  has  developed  a set  of  simulation  and  empirical  models  based  on  an 
extensive  analysis  of  fleet  maintenance  data  and  a concept  of  operational  reliability  which  incorporates 
human  and  equipment  factors. 


1-2.1  Simulation  Modait  The  simulation  models  (Siegel- Wolf),  developed  by  Applied 

Psychological  Services  Wayne,  Pa.,  permit  human,  equipment,  and  system  reliability  availability;  and  MTTR 
to  be  estimated  as  a function  of  human  proficiency,  system  design,  and  ships  environmental  parameters.  An 
example  of  the  results  obtained  by  these  models  is  presented  in  figure  1-2. 


Figure  VI.  Human  R liability  Prediction  Syttem  Took  and  Models 


121.1  Hand  Calculation  Idodat  tor  Probability  of  Correcting  a Malfunction.  This  model 

provide*  a relatively  timpte  hand  procedure  for  calculating  the  probability  of  correcting  a malfunction.  A 
eat  of  appropriate  input  factor*  ie  selected  from  the  following  Ust: 

• Mental  activity  factor 

• Phyrical  repair  activity 

• Instruction  fkctor 

• Safety  procedure* 

• Penonnal  management  reletionihip* 

• Equipment  operation 

• Use  of  reference  materiab 

• Equipment  inspection 
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Figure  1-2.  System  MTTR  (right  scale),  and  Reliability  and  Availability  (left  scale)  as  a Function  of  Average 

Crew  Proficiency  and  Manning  Laval 


The  probability  of  successful  completion  of  each  of  these  factors  is  determined,  and  the  probability  of 
correcting  the  malfunction  is  computed  by  multiplying  these  probabilities  in  the  appropriate  manner.  Both 
series  and  parallel  operations  can  be  handled. 

The  methodology  for  computing  the  electronic  maintenance  factors  listed  above  was 
developed  based  on  data  obtained  from  a fleet  sample  of  533  technicians. 
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1.2  1.2  One- T*o  Man  Simulation  Modal  Mr  Calculating  Malfunction  Correction  Tima.  A „ } 

computer  simulation  model  (figure  1-3)  was  developed  to  predict  malfunction  correction  time.  This  model 
uses  the  tame  input  data  a*  the  hrud  calculation  procedure  discussed  previously.  The  model  computes  the 
time  required  to  complete  the  actions  measured  by  each  of  the  factors  and  combines  them  to  compute 
j overall  malfunction  correction  time  (see  figure  1-4). 

1 

This  model  was  validated  using  extensive  data  on  the  AN/URC-3S  and  AN/APS-1  IS 
radio  systems.  The  accuracy  of  this  computational  technique  was  found  to  be  excellent. 

1.21.3  Human  and  System  Reliability  Simulation  Modal  (4  to  20  Man).  This  model  simulates 

j the  behavior  of  a self-contained  system  manned  by  from  4 to  20  persons  on  missions  which  may  vary  from 

1 to  30  days.  This  model  can  simulate  the  performance  of  at  many  as  80  jobs  per  day.  Teams  of  up  to  20 
j persons  can  be  simulated  along  with  the  repairs  of  a maximum  of  20  different  equipments. 

i ! 

The  typical  data  for  this  model  are  u follows: 

j • Number  of  men  holding  each  rank  (pay  grade)  and  specialty  (rating)  j 

• Body  weight 

• Average  proficiency  in  primary  and  secondary  specialty  ' 

i 

• Average  work  pace 

j 

• Average  physical  capability 

• Average  man’s  physical  capability  after  a full  work  day  and  its  effects  on  sub- 
sequent tasks  performed. 


r- ^ 3,  g WB4JJK '■  pp ,■  Iiui.'.ll,i._iit  J V.yyHI 
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Figure  1-4.  Predicted  Malfunction  Correction  Time  ( Single  Technicim) 


The  equipment  input  data  includes  data  such  as: 

• Equipment  and  failure  rate 

• Average  repair  time 


• Standard  deviation  of  repair  time 

• Number  of  men  required  to  accomplish  repair  by  type 


The  program  calculates: 

• Human  reliability,  availability,  and  MTTR 

• Equipment  reliability,  availability,  and  MTTR 

• System  reliability , availability , and  MTTR 

• A variety  of  other  parameters  such  as  stress,  fatigue,  percent  work  completed, 
percent  needing  touchup,  time  for  task  completion,  etc. 

1.Z2  Empirical  Models.  The  empirical  models  were  developed,  by  Tracor,  from  fleet  main- 

tenance data  on  the  AN/SQS-26  (CX)  sonar.'  These  models  provide  a simple  means  of  relating  repair  time, 
maintenance  man-hours,  and  maintenance  man  experience  (see  figure  1-5).  An  analysis  of  the  data  suggested 
a new  parameter,  called  maintenance  power,  which  tied  repair  time  and  experience  together.  Maintenance 
power  is  equal  to  the  product  of  maintenance  man  experience  and  time  spent  on  a repair;  it  was  shown  that 
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• limplo  relation  thip  ixiitt  between  maintenance  power  and  the  oth«r  parameter*  at  ihown  in  Agur*  1-6. 
Thi*  empirical  modal  it  uaatol  to  tyitem  detignart  during  advanced  development  for  making  preliminary 
eatimate*  of  ayttem  MTTR,  manning  level*,  and  experience  level*.  Data  tor  theeo  ttudie*  were  obtained  by 
the  Naval  Weapon*  Engineering  Support  Agency  (NAVWBSA)  under  the  aponaotahip  of  NAVSEA.  The 
tpeciflc  model*  developed  are  deacribed  at  follow*: 


Lognormal  distribution  modal*  tor  tach  major  category  of  maintenance  data 


linear  regretaion  model*  relating  the  repair  time  to  the  new  parameter,  main- 
tenance power 


A aimple  prediction  technique  baaed  on  lognormal  aaaumption* 


A multiple  repairman  man-hour  and  repair  time  prediction  model  that  employ* 
matrix  equation*  which  incorporate  repairman  experience  e (Tecta 


A Eow  chart  maintainability  prediction  procedure  that  would  overcome  the 
weaknen  of  MIL-HDBK472  Procedure  11  and  bridge  the  gap  between  theoreti- 
cal maintainability  prediction  and  the  actual  demonatration 


1 


Two  methods  of  estimating  the  con  fidonet  bounds  for  variates  that  are  roughly 
tognormaUy  distributed  (The  Ant  mtthod  pn  diets  con  fidonet  bounds  that 
account  for  parameter  estimate  variations,  and  the  atcond  method  predicts 
conAdence  bounds  that  account  for  noiae  effects  in  the  lognormal  distribution.) 

Man-hour,  repair  time,  and  number  of  men  per  repair  test  demonstration  methods 


L2.3  Allocation  Modal.  The  program  also  hat  developed  a methodology  for  maximising  the 

operational  reliability  of  man -machine  systems,  This  model  can  be  solved  by  means  of  standard  dynamic 
programming  techniques  it  makes  use  of  the  outputs  of  each  of  the  models  discussed  previously.  The 
model  to  unique  in  that  it  permits  the  interactions  of  all  of  the  mg}or  parameters  describing  man-machine 
interactions  and  their  effect  on  operational  reliability  to  be  computed. 


Measures  af  Effectiveness 


A set  of  relationships  for  computing  human,  equipment,  and  system  availability, 
reliability,  MTTR,  and  MTBF  was  developed  and  incorporated  into  the  4 to  20  man  simulation  model  de- 
scribed in  section  4.  These  equations  are  listed  below.  The  computer  names  of  the  input  variables  of  these 
equations  are  provided.  / 


Woman  RattaMity 


HUMAN  RELIABILITY  - / - 


o,  of  attempts 


2.  Human  Availability 


HUMAN  A VAILABILITY  - I - 


Time  lost  or  unmanned  hours 


3.  Human  MTTR 


HUMAN  MTTR 


Total  time  of  second  try  successes 
M x of  second  tty  succems 


4,  equipment  Rati  ability 


EQUIPMENT  REUABIUTY  - I - 


Total  no  < 


t during  mission 


V 

l 


i 

;• 

/- 


5.  Equipmen  t A voi lability 


EQUIPMENT  A VAIL  ABILITY 


Equipment  up  time 

Total  mission  time  x A/a  of  equipments 


0-5) 


| & Equipment  MTBF 

i 


EQUIPMENT  MTBF 


2 times  between  failures 
No.  of  failures 


Mission  time  x down  time 
No.  of  failures 


0-6) 


I 


4 


7.  Equipment  MTTR 

EQUIPMENT  MTTR  - T°*  "P*  for  all  missions  (1.7) 

No.  of  repairs 


8. 


System  Reliability 


SYSTEM  RELIABILITY  - I - ~ -°f  ^SSSSU^HS.  * No  of  people  failures 

Iterations  x No  of  equip  * Human  attempts 


9.  System  Availability 


SYSTEM  AVAILABILITY  * 


System  down  tine 
Mission  time 


0-9) 


I 
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PROBABILITY  COMPOUNDING  (HAND  CALCULATION) 


2.1  Introduction 

The  probability  compounding  method  of  predicting  human  reliability  provides  a 
means  of  calculating  the  probability  that  a particular  maintenance  technician,  or  group  of  maintenance 
technicians,  will  successfully  accomplish  the  sequence  of  tasks  required  to  correct  a particular  malfunction 
on  a given  equipment  or  system,  lite  method  provides  for  hand  computation  of  individual  or  group  reli- 
ability indices.  In  section  3 this  basic  method  is  expanded  into  a computer  simulation  technique  for  predict- 
ing the  time  it  will  take  to  correct  the  malfunction.  These  predictions  are  based  on  a magnitude  estimate 
of  the  ratio  of  the  number  of  unusaliy  effective  to  the  number  of  unusually  ineffective  performances 
obtained  in  a sample  of  each  of  the  required  tasks.  The  probability  compounding  procedure  involves  the 
following  steps  as  illustrated  in  figure  2- 1 . 

• Multidimensional  scaling 

• Individual  performance  index  computations 

• Reliability  index  computation 

These  steps  are  discussed  in  detail  in  the  following  paragraphs.  The  probability  compounding  method  is 
directly  applicable  to  any  activity  which  consists  of  a sequence  of  events.  Therefore,  it  can  also  be  used  to 
compute  human  operator  reliability.  These  techniques  are  discussed  in  the  later  sections  of  this  user's 
manual. 


Figure  2 - 1.  Flow  of  Events  in  Mein  ten  once  Technician  Reliability  Program 

2.2  Multidimensional  Scaling 

Multidimensional  scaling  is  a technique  for  identifying  all  of  the  job  factors  or  tasks 
involved  in  the  maintenance,  servicing,  and  repair  of  the  equipment  or  system.  In  implementing  the  human 
reliability  prediction  system,  multidimensional  scaling  analyses  have  been  performed  to  identify  the  com- 
plete spectrum  of  tasks  and  requirements  involved  in  the  maintenance  of  electronic  equipments  or  systems. 
Equivalent  factors  have  yet  to  be  derived  for  mechanical  systems. 


i 


t 
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To  determine  the  structure  of  the  job  of  the  electronic  maintenance  technician, 
Siegel  and  Schultz  (1963)  performed  a multidimensional  scaling  analysis  of  the  job  of  electronic  main- 
tenance by  naval  technicians.  The  consensus  of  Fleet  personnel  interviewed  indicated  that  the  job  of  the 
technician  was  best  described  by  some  29  different  tasks.  Examples  of  tasks  were:  using  schematics  for 
complex  circuits  and  troubleshooting/isolating  malfunctions  in  avionic  equipments.  The  29  tasks  performed 
by  both  supervisory  and  line  personnel  constituted  the  sample  which  provided  the  basic  data  for  the  analysis. 
Sixty-five  subjects  distributed  over  14  separate  maintenance  units  were  involved.  The  data  was  factor 
analyzed  by  the  principal  components  method  with  rotation  according  to  the  equamax  criterion  (Saunders, 
1962).  Nine  factors  emerged.  These  factors  were  named:  Electro-cognition  (EC),  Electro-repair  (ER), 
Instruction  (I),  Electro-safety  (ES),  Personnel  Relationships  (PR).  Electronic  Circuit  Analysis  (ECA), 
Equipment  Operation  (EO),  Using  Reference  Materials  (URM),  and  Equipment  Inspection  (El).  These 
factors  are  fully  defined  in  table  2-1 . Numerical  estimates  are  given  in  section  3.  These  should  be  used  in  all 
predictions. 


Table  2- 1.  Definition  of  Factors 


1.  Electro-cognition  This  factor  is  associated  with  any  routine  mental  activity  involved  in  the 

troubleshooting  acts.  It  includes  the  mental  formulation  of  simple  hypotheses 
regarding  the  cause  of  a malfunction,  the  mental  synthesis  of  elementary 
cause-effect  relationships,  logical  thinking  of  a routine  nature,  and  the  inte- 
gration of  test  results  with  pretest  hypotheses.  Simple  sequential  tests  do  not 
involve  electro-cognition.  For  example,  continuity  tests  would  not  involve 
this  category.  This  is  a "how  to  make  it  work”  factor  as  opposed  to  electronic 
circuit  analysis,  which  is  a “why  it  doesn't  work”  factor.  Tasks  which  might 
involve  electro-cognition  are: 

• Making  logic  changes  in  a data  processing  unit 

• Comparing  an  output  waveform  to  an  illustration  in  a technical 
manual 

• Observing  fault  lights  and  inferring  module  to  be  replaced 

2.  Electro-repair  This  factor  includes  the  motor  and  manipulative  aspects  of  physically  repair- 

ing a component  which  has  failed.  It  does  not  include  module  or  component 
replacement,  but  does  include  module  or  component  repair.  Examples  of 
tasks  including  electro-repair  are: 

• Replacing  a broken  solder  joint 

• Adjusting  the  contacts  on  a relay 
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3.  Instruction  This  factor  involves  teaching  others  how  to  inspect,  repair,  operate,  or  main- 

tain electronic  equipments.  Examples  of  tasks  involving  this  factor  are: 

• Instructing  another  technician  on  how  to  use  test  equipment 

• Instructing  a subordinate  on  how  to  perform  a test  or  repair 


• Instructing  an  operator  on  how  to  work  an  equipment 


Table  Z 1.  Definition  of  Factors  (Continued) 


4.  Electro-safety  This  factor  involves  implementation  of  special  safety  procedures  to  mini- 

mize the  possibility  of  additional  equipment  damage.  An  example  task 
involving  this  factor  is: 

• Observing  high  voltage  protection  instructions  on  equipment 

5.  Personnel  This  factor  includes  the  management  and  supervisory  aspects  of  maintenance 

Relationships  organization  functions.  Examples  of  tasks  involving  this  factor  are: 

• Supervising  the  operation/inspection/maintenance  of  an  elec- 
tronic equipment 

• Assigning  personnel  to  an  electronic  repair 

• Developing  a repair  schedule 

6.  Electronic  Circuit  This  factor  is  purely  mental  in  nature.  It  includes  the  application  of  elec- 

Analysis  tronic  principles  to  the  correction  of  a fault.  Electronic  principles  include  the 

selection  and  use  of  circuit  formulae  and  the  application  of  the  results  of 
calculations,  and  application  of  principles  of  electrical/electronic  diagnostic 
techniques.  This  factor  is  different  from  the  electro-cognition  factor  in  that 
electro-cognition  is  almost  directly  effect-cause  related,  whereas  electronic 
circuit  analysis  involves  more  sophisticated  consideration  of  intervening  proc- 
esses. For  example,  if  in  the  case  of  a faulty  output,  the  technician  can 
decide  that  either  module  A,  B,  or  C is  malfunctioning  and  that  he  can  com- 
plete the  repair  by  sequential  replacement  of  modules  until  the  correct 
output  is  obtained,  then  the  factor  involved  is  electro-cognition.  On  the  other 
hand,  if  the  technician  must  perform  a test  on  each  of  A,  B,  and  C and  then 
apply  electronic  theory  to  determine  the  faulty  module,  then  electronic  cir- 
cuit analysis  is  involved.  Electronic  circuit  analysis  might  also  be  involved  in 
certain  aspects  of  failure  reporting.  Examples  of  electronic  circuit  analysis 
are: 

• Determining  why  an  oscillator  yields  an  improper  frequency 
response 

• Determining  why  the  time  delay  of  a timing  circuit  is  too  long 

• Determining  why  a power  supply  goes  into  an  over-voltage  shut- 
down mode 

7.  Equipment  This  factor  involves  the  operation  or  exercise  of  prime  equipment  and  electri- 

Operation  cal  and  electronics  test  equipment.  Examples  of  this  factor  are: 

• Employing  repaired  equipment 


• Using  an  oscilloscope 


Tab!*  2. 1.  Definition  of  Factors  (Continued! 


Using  Reference  This  factor  includes  the  use  of  supporting  documentation.  The  use  of  schemat- 
Materials  ics  and  block  diagrams  is  included  under  either  electro-cognition  or  elec- 

tronics circuit  analysis. 

Equipment  This  factor  includes  inspections  of  electronic  equipment,  including  those 

Inspection  inspections  and  examinations  required  after  performing  a correction  or  repair 

to  the  equipment. 


Performance  Indices 


To  apply  the  prediction  system  to  a particular  maintenance  organization,  each  main- 
tenance technician  must  be  rated  in  each  of  the  tasks  identified  in  the  multidimensional  scaling  analysis. 
Individual  ratings  were  obtained  by  observing  and  evaluating  a sufficient  number  of  performances  in  each 
job  factor  to  provide  a valid  sample  of  the  technician’s  capability.  Estimates  based  on  previous  experience 
will  also  be  used.  These  estimates  were  derived  by  interviewing  technicians  who  were  experienced  in  each 
job  factor.  In  each  job  factor,  the  technician's  unusually  effective  (UE)  and  unusually  ineffective  (UI)  per- 
formances were  identified.  The  technician's  performance  index  (or  probability  of  successful  job  perform- 
ance) fpr  each  job  factor  was  then  computed  by  the  formula: 


„ £UE 

£ue  + £ ui 


The  calculations  for  determining  technician  performance  index  ratings  are  given  in  example  2-1 . 


Exempt*  2-1.  Performance  Index  Calculations 


Procedure 


1 . Identify  L UE  and  £ UI  for  each  job  factor 


Example 

In  25  performances  on  a particular  job 
factor,  technician  a was  rated  unusually 
effective  in  six  performances  and  unusually 
Ineffective  in  one  performance 


2.  Compute  the  technician's  performance  index 
(probability  of  successful  performance)  for 
the  job  factor 


UE  + X UI  J 


Technician  a’s  Performance  index  (probabil- 
ity of  successful  performance) » .86 
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In  practice,  the  data  provided  in  table  2-2  should  be  used.  Performance  indices  need  not  be  recomputed  for 
each  new  electronic  system  problem. 


Table  2-2.  Average  Technician  Reliability  Ratingt 


Job  Activity 

Career  Field 

EM 

1 

ET 

FT 

1C 

RM 

ST 

TM 

Electro  Cognition 

.55 

.83 

.86 

.62 

.33 

.63 

.92 

.36 

Electro  Repair 

.78 

.99 

.92 

.70 

.30 

.71 

.70 

.40 

Instruction 

.75 

.95 

.97 

.45 

.S7 

.95 

.51 

.66 

Electro  Safety 

.60 

.98 

.95 

.65 

.92 

.70 

.42 

.62 

Personnel  Relationships 

.74 

.70 

.79 

.63 

.40 

.77 

.85 

.80 

Electro  Circuit  Analysis 

.63 

.90 

.95 

.58 

.40 

.65 

.74 

.60 

Equipment  Operation 

.92 

.85 

.95 

.65 

90 

.85 

.92 

.75 

Using  Reference  Material 

.73 

.90 

.87 

.62 

.95 

.92 

.88 

.66 

EM  - Electrician's  mate 

ET  • Electronics  Technician 

FT  • Fire  Control  Technician 

IC  • Interior  Communications  Electrician 


RD  - Radarman 
RM  - Radioman 
ST  • Sonar  Technician 
TM  - Torpedoman’s  mate 


2.4  fMMtfity  Index  Computation 

Given  a multidimensional  scaling  of  the  equipment  or  system  to  be  maintained  and  a 
complete  set  of  performance  indices  for  each  technician,  the  human  reliability  for  a given  malfunction  can 
be  computed. 

A malfunction  in  the  equipment  or  system  will  involve  some  (not  necessarily  all)  of 
the  job  factors  identified  in  the  multidimensional  scaling  analysis.  After  the  factors  which  are  involved  in 
the  malfunction  are  determined,  the  maintenance  technician's  performance  Indices  in  those  factors  can  be 
used  to  compute  the  probability  that  the  malfunction  will  be  successfully  corrected. 

The  actual  method  of  computing  reliability  depends  upon  several  variables:  The  reli- 
ability prediction  technique  used  will  depend  on  the  interdependencies  among  the  job  factors  involved  in 
the  correction  of  the  malfunction  and  with  the  number  of  technicians  assigned  to  the  problem.  Another 
variable  is  the  method  of  assignment  when  more  than  one  technician  is  assigned  to  a problem -whether  they 
work  independently  on  different  job  tasks  or  together  on  the  same  task. 


u 

ZS.  1 Introduction.  Several  different  job  activities  and  persons  may  be  involved  in  the 

performance  of  a task.  Successful  task  performance  may  require  the  successful  performance  of  all  job  activities 
by  all  persons  or  the  successful  performance  of  only  some  combination  of  job  activities.  The  probability 
of  successful  task  performance  is  increased  when  several  persons  are  assigned  to  the  same  task,  and  perform 
the  job  activity  in  parallel  with  each  other.  In  addition,  the  probability  of  successful  performance  will  be 
increased  if  a technician  is  permitted  to  repeat  the  performance  or  one  aspect  of  the  performance. 

Siegel  and  Miehle  (1967)  presented  methods  for  calculating  overall  probability  of 
successful  task  accomplishment  when  the  probability  of  accomplishing  each  of  the  elements  of  the  task  is 
known.  The  methods  are  demonstrated  below.  They  were  developed  to  exploit  the  job  factors  identified  in 
the  multidimensional  scaling  studies  and  personnel  reliability  data  on  each  factor  collected  originally  by 
Siegel  and  Pfeiffer  and  later  by  Siegel  and  Federman. 


Basic  concepts  are  expressed  as  follows: 

Let: 

s ” satisfactory  task  performance 
rmn  * satisfactory  performance  of  job  activity  m by  technician  n 
^mn  * reliability  of  technician  n on  activity  m 
Pr^mnl  “ probability  that  statement  r^  is  true 
Thus,  Pr  [rmn]  * R,,,,,  and  Pr[s]  “reliability  of  task  performance. 

Suppose  performance  of  a task  involves  technician  b on  three  job  factors  (3, 4,  and  6) 
and  technician  g on  three  factors  (3,  5,  and  8).  Both  technicians  perform  factor  3.  The  condition  for  satis- 
factory task  performance  is: 

*»*<r3bV  r3g) A r4b  A r6b  A r5g  A r8g  (2-2) 

V is  a symbol  for  inclusive  or  (inclusive  disjunction) 

A is  a symbol  for  and  (conjunction) 

»■»  Is  a symbol  for  “is  equivalent  to” 

We  are  not  limited  to  an  “and”  and  “or”  logic.  Statements  could  conceivably  be  connected  by  conditional 
or  biconditional  symbols.  These  in  turn  can  be  expressed  in  items  of  “and,”  “or,"  and  negation.  The  nega- 
tion of  tjj  is  r jj. 

Electronic  equipment  maintenance  can  be  performed  by  means  of  series  or  parallel 
tasks  and  by  a single  or  a group  of  maintenance  technicians.  Several  examples  illustrating  a number  of 
different  cases  are  given  below. 


25.2  The  Scribe  Case.  The  condition  that  all  activities  must  be  performed  satisfactorily  is 

expressed  by  joining  all  statements  by  “conjunction”  (A),  s This  is  called  a series  task. 
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Prl*l  - PrlrU A r^]  = Pr[ru  j t^)  P,^]  (2-3) 

Prlfi , | r1#]  is  a conditional  probability  which  is  read  “the  probability  of  r.  given  r-^.”  It  is  the  probabil- 
ity that  r^a  is  true  under  the  condition  of  r^  being  true.  When  the  truth  of  rja  is  inrrcpendent  of  the  truth 
of  r^.  we  say  that  rja  and  r^  are  independent  statements.  In  this  case,  Pr[s]  “ Pr[r j#]  Pflr2a^  • 

Let: 


s»r2aAr3dAr6a 


(24) 


PrlsI  ■ Prlr2aAT3dAr6dl  (2*5) 

= Pr(r2alr3dAr6alPrfr3dlr6alPrIr6al 
If  all  statements  are  independent,  this  reduces  to: 

r,W  - M'fclV'uUMfel  (!'6' 

Example  2-2  demonstrates  the  computations  involved  in  technician  reliability  prediction  for  a 2 series  task. 

Example  2-2.  Serias  Task 


Task  Description 


The  sample  task  involves  job  factors  1 (Electro-cognition)  and  2 (Electro-repair). 
The  task  is  performed  by  technician  a,  and  both  job  factors  must  be  completed  for  successful  completion  of 
the  task. 

Mathematical  Expression  of  the  Problem 


s**rlaAr2a 


(2-7) 


Applicable  Formula 


prW  “ prlflalpr(r2al 


(2-8) 


Procedures 

Procedure 

1.  Determine  the  factors  required  to  correct 
the  problem 

2.  Determine  the  technician’s  performance 
index  ratings  in  the  applicable  job  factors 


Example 

1 . The  malfunction  involves  job  factors  Electro- 
cognition  (1)  and  Electro-repair  (2)  (Job 
factors  are  identified  in  table  2-1 .) 

2.  Technician  a is  assigned  to  the  problem. 
Applicable  performance  index  ratings  are: 

EC(I)  ■ .86  ER(2)-.90 
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1 


1 


$ 


5 

R' 


j 


3.  Substitute  the  technician's  performance  3. 
index  ratings  into  the  formula  and  compute 
the  probability  that  the  technician  can 
correct  the  malfunction 

Before  concluding  this  discussion  of  the  sample  series  case,  it  is  important  to 
note  that  aii  practical  calculations  assume  that  technician  actions  on  each  job  factor  are  independent  of  the 
other  job  actions.  This  assumption  is  made  because  no  data  is  available  for  the  conditional  case. 


Prl‘l-Prl'l.lPrlr2.1 

- 1-861  1-90) 
-.774 


253  The  PtrwIM  Case.  If  the  satisfactory  performance  of  one  or  the  other  factor  (or  both) 

is  required  for  the  satisfactory  performance  of  the  task,  then  the  task  is  called  a parallel  task.  The  satis- 
factory  performance  of  parallel  tasks  is  expressed  as: 

s«sr3eVr7e  (2-9) 

In  this  case,  job  factors  3 and  7 are  involved  and  the  task  is  performed  by  technician  e. 

When  the  same  job  factor  is  performed  by  two  technicians  and  acceptable  performance 
of  either  technician  will  constitute  acceptable  performance  for  the  team,  the  condition  is  expressed  as: 

s«sr3aVr3c  (MO) 

This  condition  is  also  referred  to  as  a parallel  performance.  In  the  Allowing  formula,  job  factor  3 is  per- 
formed by  technicians  a and  c. 

Prw  - Prtr3.Vr3cl  - 1 • (1  • Pr(r3,)Xl  • prlr3cl>  (Ml) 

in  the  independent  case. 

A similar  case  involving  three  technicians  is  expressed  as: 

Let: 

s«rlbVrlcVrlg  U-n) 

then: 

PrW  -PrlrlbVr!cVr,gl  (M3) 

- « - (1  - Prl'ibIX«  • PrhcJXI  • Pflrlgl' 

in  the  independent  case. 

Examples  2-3  and  2-4  demonstrate  the  computations  involved  in  reliability  prediction 
for  parallel  tasks.  In  example  2-3,  two  job  factors  are  performed  by  a single  technician.  In  example  24, 
two  technicians  work  together  on  one  job  factor. 
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Example  2-3  Parallel  Talk  for  Single  Technician 

Task  Description 


The  sample  task  involves  job  factors  1 (Electro  cognition)  and  2 (Electro-repair).  The 
task  is  performed  by  technician  a,  and  satisfactory  completion  of  either  job  factor  will  constitute  successful 
completion  of  the  task. 

Mathematical  Expression  of  the  Problem 


s3ErlaVf2a 


(2-14) 


Applicable  formula 


Pr(sJ  = 1 - (1  - Pr{rla])(l  - Pr[r,a)) 


(2-15) 


Procedures 


Procedure 

1.  Determine  the  factors  required  to  correct 
the  problem 

2.  Determine  the  technician’s  performance 
index  ratings  in  the  applicable  job  factors 


Example 

1.  The  malfunction  involves  job  factors  Electro- 
cognition (1)  and  Electro-repair  (2)  (Job 
factors  are  identified  in  table  2-1 .) 

2.  Technician  a is  assigned  to  the  problem. 
Applicable  performance  index  ratings  are: 

EC(1)  = .82  ER(2)  = .79 


3.  Substitute  the  technician’s  performance 
index  ratings  into  the  formula  and  compute 
the  probability  that  the  technician  can 
correct  the  malfunction 


3.  Pr[s]=  1-(1-Pr[r,a])(l-Pr|r2a]) 

Pr|s)  = 1 - (1  - .82)  (1  - .79) 

= 1 - (,18)(,21) 

= 1 • .038 
= .962 


Example  24.  Parallel  Task  for  Two  Technicians 

Task  Description 


The  sample  task  involves  job  factor  3 (Inspection).  The  task  is  performed  by  techni- 
cians a and  b,  and  satisfactory  performance  by  either  technician  will  result  in  successful  completion  of  the 
task. 

Mathematical  Expression  of  the  Problem 


s»r3aVr3b 


(2-16) 
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Applicable  Formula 


PrW  “to  Pf|i3,lKI  «‘rl'3bl» 


(217) 


Procedural 

Procedure 

I.  Determine  the  factors  required  to  correct 
the  problem 


Determine  the  technician’s  performance 
index  ratings  in  the  applicable  job  factors 


3.  Substitute  tlic  technicians’  performance 
index  ratings  into  the  formula  and  com- 
pute the  probability  that  the  technicians 
can  correct  the  malfunction 


Example 

1.  The  malfunction  involves  job  factor  3 (In- 
spection) (Job  factors  are  identified  in  table 
2 1) 

2.  Technicians  a and  b are  assigned  to  the 

problem.  Applicable  performance  index 
ratings  are:  a * .82,  b * .88 

3.  Pr|s|  « I <1  • .82) (I  • .88) 

- I (.I8)(.I2) 

• I - .022 

• «)78 


' ] 
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2.5.4  Complex  Tasks.  The  scries  and  parallel  formulas  can  be  extended  to  larger  numbers  of 

activities  and  performers.  These  formulas  may  be  written  in  many  forms.  Some  malfunctions  may  result  in 
a combination  of  the  series  and  parallel  formulas.  Examples  2-5  and  2-6  demonstrate  the  computations 
Involved  in  complex  tasks.  In  example  2-S  a complex  task  with  scries  and  parallel  elements  is  performed  by 
one  technician.  In  example  2-6  two  technicians  work  on  a complex  task.  The  technicians  work  together  on 
some  of  the  tasks  and  independently  on  others. 

Example  2-S.  Complex  Task  Performed  by  One  Technician 

Task  Description 


The  sample  task  involves  the  following  job  factors: 

• I (Electro-cognition) 

• 2 (Electro-repair) 

• 3 (Inspection) 

• 4 (Electro-safety) 

• 5 (Personnel  relationships) 

The  task  is  performed  by  technician  a and  will  be  considered  satisfactorily  completed 
if.  and  only  if,  cither  (or  both)  factors  I and  2 are  performed  satisfactorily,  either  (or  both)  factors  3 and 
4 are  performed  satisfactorily,  and  factor  5 is  performed  satisfactorily. 

Mathematical  Expression  of  the  Problem 


s«(r,aV 


(2-18) 
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Appikebts  Formula 

«\w  - 1 1 • a - «\in,i)(»  • prh«i>} 

Procedures 

Procedure 

I.  Determine  the  factor)  required  to  correct 
the  problem 


2.  Determine  the  technician 'i  performance 
index  rating)  in  the  applicable  job  factor) 


3.  Substitute  the  technician's  performance 
index  ratings  into  the  formula  and  compute 
the  probability  that  the  technician  can 
correct  the  malfunction 


{ >*0*Prlr3a)H,  Prlr4j>l  PrlrS)l 


Example 

1.  The  malfunction  involves  job  factors  EC. 
ER,  I,  ES,  and  PR.  (Job  factors  are  identified 
in  table  2-1.) 

2.  Technician  a is  assigned  to  the  problem. 
Applicable  performance  index  ratings  are: 


EC(l) 

- .86 

ES(4)  - 

.92 

HR  (2) 

■ .90 

PR  (S)  - 

.79 

1(3) 

- .82 

Prl*l  - 

{'• 

(1  - .86)0 

- .90)  } 

{'• 

( 1 - .82)  ( 1 • 

.92)  } .79 

a 

' 

(.14X.10)| 

(I8K.08)( 

.79 

te 

' {«• 

oi  l I 1 1 

• .0144  } 

.79 

- .768 


Example  2-8.  Complex  Task  Performed  by  More  Than  One  Technician 

Task  Description 

The  sample  task  involves  the  following  job  factors: 

• 1 (Electro-cognition) 

• 2 (Electro-repair) 

• 3 (Inspection) 

• 4 (Electro-safety) 

• S (Personnel  relationships) 

• 6 (Electronic  circuit  analysis) 

• 7 (Equipment  operation) 

• 8 (Using  reference  materials) 
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Tt»  tuk  U penormed  by  technicians  a and  b.  Technician  a performs  Job  factors  I 
through  4,  technician  b performs  Job  factor  $,  and  both  technicians  work  together  on  job  factors  6, 7,  and 
8.  All  Job  factors  must  be  performed  satisfactorily  for  successful  completion  of  the  task,  and  satisfactory 
performance  by  either  technician  on  a particular  job  factor  constitutes  satisfactory  completion  of  that  job 
factor. 

Mathematical  Expnmhn  of  (he  Probhm 

M*r„Ar2,Ar3aAr4,ArSbA(r6,V  r6b>A<r7aVr7b>A<r8aV  rgb)  (2-20) 

Appifcobh  Formula 

Prw  - Pr(r„]  Prlr2a]  Prfr3<]  P,!^]  Pr|r5b)  (2-21) 

{«  («  ^6.1)0  *Prlr6bl>l 

{l  (\  Pr(r7,l)0  Pt[r7bl)| 

|l  -d  Prlt8.l)0  Prtr8bl)} 


Frocadum 
Frocadura 
I.  Detei 


Determine  the  factors  required  to  correct 
the  problem 


Determine  the  performance  index  ratings 
for  the  technicians  assigned  to  the  job 


Examph 

1.  The  malfunction  involves  job  factors  EC, 
ER,  1,  ES,  PR,  ECA,  EO.  and  URM  (Job 
factors  are  identified  in  table  2-1.) 


Factor 


Technician  Rating 

a b 


EC 

(1) 

.86 

.92 

ER 

(2) 

.90 

.89 

1 

(3) 

.82 

.88 

ES 

(4) 

.92 

.90 

PR 

(5) 

.79 

.85 

ECA  (6) 

.88 

.86 

EO 

(7) 

.91 

.93 

URM  (8) 

.95 

.94 

Substitute  the  technicians’  performance 
index  ratings  into  the  formula  and  compute 
the  probability  that  the  technicians  can 
correct  the  malfunction 


(.86)  (.90)  (.82)  (.92)  (.85) 

! 1(1-  .88) (!  - .86) 

I -(1  - .91)(1  • -93) 

1 *(1  • .95)  (l  • .94) 


(.86)  (.90)  (.82)  (.92)  (.85) 

I 1-(.12)(.14)}  {l- (.09)  (.07)| 

| 1 • (.05)  (.06)  J 


n 


- (.86)  (.90)  (.82)  (.92)  (.85) 

(I  - .0168)0  - .0063)(1  - .003) 

* (.86)  (.90)  (.82)  (.92)  (.85) 
(.983)  (.994)  (.997) 

= .484 


SumiMry 

The  probability  compounding  technique  is  summarized  as  follows: 


• Multidimensional  Sca/ing-Ptrform  a multidimensional  scaling  analysis  of  the 
equipment  or  system  to  be  maintained.  Determine  all  of  the  job  factors  involved 
in  all  phases  of  corrective  maintenance. 


• Personnel  Evaluation -Evaluate  each  maintenance  technician  in  all  of  the  identi- 
fied job  factors  and  develop  a set  of  performance  index  ratings  based  on  the 
formula: 


£UE 

ruE+lTOi 


(2-1) 


NOTE:  Performance  index  ratings  must  be  recomputed  periodically  to 

to  compensate  for  learning  that  takes  place  during  repeated  per- 
formances of  the  job  factors. 


• Problem  Arw/yx/s- Analyze  the  malfunction  to  determine  the  job  factors  involved. 


• Personnel  Assignment-Select  the  maintenance  technician  or  technicians  to 
perform  the  task,  and  decide  how  they  will  be  assigned  to  the  task  (number  of 
technicians  on  each  job  factor,  etc.). 


• Development  of  Probebilfty  Compounding  Formuie- Identify  the  relationships 
between  the  factors  involved  in  the  task,  mathematically  state  the  requirements 
for  satisfactory  completion  of  the  task(s),  and  develop  the  formula  for  computing 
the  probability  of  successful  task  completion  (Pr{s)). 


2*13 


! 


i 

j 


i ] 

j I 

' 3 


i 

i 

1 

i 


3.0 


DIGITAL  SIMULATION  MODEL  (ONE  AND  TWO  MAN  MODEL) 


3.1  Introduction 

The  Siegel-Wolf  one  and  two  man  simulation  model,  developed  at  Applied  Psychologi- 
cal Services,  permits  the  simulation  of  maintenance  or  operator  tasks  for  the  purpose  of  predicting  task  com- 
pletion time  and  the  probability  of  successful  completion.  The  model  is  capable  of  simulating  distributions 
for  one,  either  one  of  two,  and  two  maintenance  technicians  or  operators  working  together.  In  addition  to 
this  data,  the  model  also  provides  answers  to  other  questions  such  as: 

• Can  an  average  operator  be  expected  to  successfully  complete  all  actions  required 
in  the  performance  of  a task  within  a time  limit  for  a given  operator  procedure 
and  a given  machine  design? 

• How  does  success  probability  change  for  slower  or  faster  operators  and  longer  or 
shorter  periods  of  allotted  time? 

• How  great  a stress  is  placed  on  the  operator  during  his  performance  and  in  which 
portions  of  the  task  is  he  overloaded  or  underloaded? 

• What  is  the  frequency  distribution  of  operator  failures  as  a function  of  various 
stress  tolerances  and  operator  speeds? 

• What  operator  proficiency  is  required  for  the  system? 

• How  much  time  does  one  operator  spend  waiting  for  the  other  operator? 

• What  is  the  optimum  team  composition? 

• How  frequently  is  each  subtask  failed? 

• How  cohesive  is  the  team? 

• What  is  the  expected  time  for  task  completion,  considering  an  “average”  opera- 
tor? A “fast”  operator?  A "slow”  operator?  Various  operator  combinations? 

• How  can  the  equipment  design  be  modified  to  yield  improved  performance? 

The  model  may  be  used  to  predict  either  operator  or  maintenance  technician  per- 
formance by  simply  identifying  the  personnel  as  operators  or  technicians  and  the  tasks  as  operator  tasks  or 
maintenance  tasks. 

3. 1- 1 Simulation  Program.  The  simulation  model  is  programmed  in  FORTRAN.  The  pro- 

gram is  2972  steps  long,  requires  100  bytes  of  core,  and  typical  problems  (typically,  consisting  of  approxi- 
mately 75  subtasks  and  100  iterations)  are  executed  in  18  seconds  of  central  processor  time. 

3.  t.2  Model  Operation.  Figure  3-1  summarizes  the  procedures  for  using  the  model  and 

shows  the  outputs  that  are  available.  The  model  simulates  the  acts  and  behaviors  of  a maintenance  techni- 
cian (or  operator)  during  the  performance  of  a malfunction  correction  (or  operator  task  performance). 
As  the  computer  simulates  the  performance  of  the  tasks  required  for  correction  of  the  malfunction,  results 
are  recorded  indicating  the  areas  of  technician  overload,  failure  to  complete  subtasks,  idle  time,  peak  stress. 


1 f 


etc.  For  the  purpoee  of  predicting  technician  reliability,  the  prime  concern  it  estimating  the  time  it  takes  to 
complete  the  malfunction  correction.  The  model  records  the  time  to  complete  each  act,  or  subtask  in  the 
sequence  of  malfunction  correction  subtasks;  the  cumulative  time  for  the  completion  of  ail  required  sub- 
tasks;  and  the  total  time  involved  in  the  malfunction  correction.  The  model  is  designed  to  predict  operator 
task  performance  or  malfunction  correction  time  on  tasks  requiring  one  and  two  operators  or  technicians, 
as  described  in  the  following  paragraphs. 


Figura  3- 1.  Flow  Chart  of  Digital  Simulation  Modal  Operation 


Nota : All  Output  options  may  ba  axarcisad  in  tha  sama  simulation.  Thay  ara  not  mutually  axdusiva. 
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3.2  Simulation  Procedure  (Maintenance  Technicians) 

The  one  and  two  man  model  is  used  to  simulate  malfunction  correction  tasks  that  do 
not  require  more  than  two  maintenance  technicians.  The  simulated  tasks  may  be  performed  by  one  tech- 
nician at  a time,  or  by  two  technicians  working  together.  The  procedure  for  using  this  model  to  predict 
maintenance  technician  reliability  is  summarized  as  follows: 

• Perform  a task  analysis  to  identify  the  subtasks  involved  in  the  correction  of  the 
malfunction,  and  prepare  a sequentially  numbered  list  of  subtasks;  identify  the 
subtasks  performed  by  each  technician  separately  or  jointly 

• Prepare  an  input  data  sheet  providing  information  about  each  subtask  as  required 
for  the  model 

• Prepare  a punched  card  for  each  subtask  and  a separate  card  punched  to  indicate 
the  number  of  subtask  cards  prepared 

• Prepare  a general  run  information  card  and  parameter  input  data  cards  as  required 

• Assemble  the  card  deck  and  run  the  model 
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• Graphically  summarize  the  data  by  malfunction  and  across  malfunctions  (the 
malfunction  summaries  show  the  estimated  time  to  correct  a particular  type  of 
malfunction;  the  across  malfunction  data  summary  shows  the  estimated  time  to 
repair  for  the  system) 

32. 1 Task  Analysis.  A sequential  list  of  the  subtasks  involved  in  the  correction  of  a particu- 

lar malfunction  is  required  for  the  computer  simulation.  The  list  may  be  prepared  from  an  available  task 
analysis  or  by  consultation  with  individuals  familiar  with  the  steps  required  to  correct  the  malfunction. 
When  a complete  list  of  subtasks  is  not  available,  an  in-depth  task  analysis  must  be  performed  to  determine 
all  of  the  steps  required  to  correct  the  malfunction.  The  subtasks  are  then  listed  sequentially  and  all  inter- 
relationships noted.  A sample  of  a subtask  list  is  presented  in  table  3-1 . 


Table  3-1.  Sample  List  of  Subtasks 


Task:  Repair  Filter  on  AN/URC-35 


Subtask 

Number 

Description 

1. 

Open  drawer  (AM-3007) 

2. 

Defeat  interlock  switch 

3. 

Key  handset  to  check  power 

4. 

Check  power  meter 

5. 

Adjust  AFC  on  module  and 
check  meter 

6. 

Turn  off  power  at  set 

7. 

Test  pin  2 with  ohmmeter 

8. 

Read  ohmmeter 

9. 

Manual  lookup 

10. 

Test  pin  with  ohmmeter 

11. 

Read  ohmmeter 

12. 

Remove  cable  1 A2J21  on  618 

13. 

Manual  lookup 

14. 

Test  pin  with  ohmmeter 

IS. 

Read  ohmmeter 

16. 

Remove  filter  box 

17. 

Test  for  open  coil  with  ohmmeter 

18. 

Read  ohmmeter 

19. 

Fill  out  requisition  form  for  parts 

C39  and  L10 

20. 

Walk  to  bulkhead  and  back 

21. 

Tum  off  power  at  bulkhead 

22. 

Pull  out  chassis  from  618 
cabinet 

23. 

Tilt  cabinet  upward 

24. 

Unlock  chassis 

25. 

Remove  chassis 

26. 

Remove  plugs  and  screws  from 
filter  box  cover 

27. 

Unsolder  wires  from  capacitor 

28. 

Unsolder  wires  from  choke 

Subtask 

Number 

Description 

29. 

Remove  old  capacitor 

30. 

Remove  old  choke 

31. 

install  new  capacitor 

32. 

Install  new  choke 

33. 

Solder  wires  on  new  capacitor 

34. 

Solder  wires  on  new  choke 

35. 

Check  choke  with  ohmmeter 

36. 

Read  ohmmeter 

37. 

Check  capacitor  with  ohmmeter 

38. 

Read  ohmmeter 

39. 

Repair  successful? 

40. 

Repair  unsuccessful? 

41. 

Walk  to  bulkhead  and  back 

42. 

Tum  on  power  at  bulkhead 

43. 

Tum  on  power  at  set 

44. 

Tum  Tun e-Ope rate  SW  to  tune 

45. 

Read  meter 

46. 

Remove  screws  from  AM-3007 

47. 

Pull  AM-3007  out  to  lock  position 

48. 

Adjust  AFC  Adjust  on  module 

49. 

Replace  plugs  and  screws  on  filter 
box  cover 

50. 

Lock  chassis 

51. 

Push  in  chassis 

52. 

Untilt  chassis 

53. 

Replace  chassis 

54. 

Replace  filter  box 

55. 

Replace  cable  1 A2J21 

• 56. 

Close  drawer  (AM-3007) 

57. 

Replace  screws  in  AM-3007 

61. 

Decision 

62. 

Fill  out  failure  report 

{ 
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3.2.2  Input  Data  Sheet  Preparation.  After  completion  of  the  task  analysis  and  preparation  of 

the  list  of  subtasks,  enter  the  subtasks  on  the  input  data  sheet,  and  fill  in  the  required  input  data  in  the 
appropriate  columns.  A sample  input  data  sheet  is  shown  in  figure  3*2.  Table  3-2  provides  a step-by-step 
explanation  of  the  data  required  in  each  column  of  the  input  data  sheet. 


Table  3-2  Input  Data  Sheet  Preparation 


Variable 

Required  Input  Data 

Task  Type 

Essential 

Enter  D for  a decision  subtask.  The  model  will  simulate  a choice  or  decision 
made  by  the  technician.  The  probabilities  of  the  next  task  (i.e„  success  or  failure) 
are  not  affected  by  operator  factors  (i.e.,  stress)  for  decision  tasks. 

Nonessential 

Enter  N for  all  subtasks  that  are  not  essential  to  the  successful  completion  of  the 
malfunction  correction.  This  information  allows  the  computer  to  ignore  non- 
essential  subtasks  during  very  urgent  conditions. 

Precedence  Task 

Any  subtask  which  must  be  completed  by  a second  technician  before  this 
subtask  is  attempted  by  this  technician. 

Precedence  Time 

Time  before  which  this  subtask  cannot  be  started. 

Next  Success 

Identifies  the  number  of  the  subtask  that  the  technician  is  to  perform  next  if  he 
succeeds  on  the  current  subtask.  If  the  current  subtask  is  successfully  completed, 
the  technician  will  proceed  to  the  next  specified  subtask.  All  subtasks  thus  can 
cause  program  branching. 

Next  Fail 

Identifies  the  number  of  the  task  that  the  technician  is  to  perform  next  if  he 
fails  the  current  subtask.  In  the  example,  subtask  1 follows  subtask  39  if  the 
technician  was  unsuccessful  in  repairing  the  malfunction.  Thus,  all  the  trouble- 
shooting subtasks  (1  through  18)  will  be  repeated.  In  the  decision  subtask  40, 
the  technician  decides  if  he  was  partially  unsuccessful  with  the  repair.  If  so,  he 
will  loop  to  subtask  19  and  redo  all  the  repair  acts  (subtasks  19  through  40). 

Average  Time 

The  average  time,  in  seconds,  required  by  the  technician  performing  this  subtask. 
There  are  several  sources  for  such  information.*  If  the  average  time  required  is 
not  provided  in  the  literature,  then  referrals  to  knowledgeable  people  and/or 
timing  technicians  as  they  perform  the  behaviors  over  several  occasions  (and 
averaging  the  values)  will  provide  the  required  data.  There  are  no  time  entries 
for  decision  subtasks. 

Time  Deviation 

The  average  standard  deviation  taken  around  the  for  the  average  operator. 

These  data  are  also  taken  from  standard  sources. 

Success  Probability 

The  probability  that  the  task  will  be  performed  successfully  and,  therefore,  that 
the  "Next  Success"  task  will  be  performed  next. 

i . 
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Tab/*  3-2  Input  Da ta  Sheer  Preparation  (Continued) 


Variable 


Required  Input  Data 


Time  Remaining 
-Essentia] 


The  time  required  to  perform  alt  remaining  essential  subtasks  (including  the 
current  one)  at  average  execution  times,  assuming  no  failures.  Calculate  Ty 
by  starting  with  the  last  subtask.  Enter  its  Tjj  in  the  Ty  column.  Continue  up  the 


subtask  list  until  the  first  one  is  reached  by  adding  Hie  ty  for  each  subtask  to 
the  Ty  for  the  preceding  subtask.  Notice  that  in  figure  3-2  the  Ty  recorded 
alongside  a decision  subtask  is  the  same  as  the  Ty  for  the  immediately  following 
subtask. 


Time  Remaining 
-Nonessential 


The  time  required  to  perform  all  remaining  nonessential  subtasks  (including 
the  current  one)  at  average  execution  times,  assuming  no  failures.  Calculate 


these  values  by  entering  the  ty  alongside  the  last  nonessential  subtask,  continue 


W/  vinvmig  Slav  *JJ  lliv  INI  ■i\rilVMVIIia«l  auvunaiv,  VVMItlllUk 

entering  this  value  until  the  next  preceding  nonessential  subtask  is  reached,  add 
its  1-  to  the  value  that  is  being  repeated,  and  continue  until  the  first  subtask  is 
reached. 


Munger.  SJ.,  Smith,  R.W.,  & Payne,  D.  “An  index  of  electronic  equipment  operability:  Data  store."  Pitts- 
burgh: American  Institute  for  Research.  1962. 


3.2.3 


Calculation  of  Esaantial  and  Nonastantial  Tima  Ramaining  In  order  to  complete  the 
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required  entries  for  the  subtask  data  card,  card  type  3,  Ty,  and  Ty  (the  time  remaining  for  completion  of 
essential  and  nonessentiai  subtask  elements)  must  be  calculated  by  hand.  The  symbol  T.f  i 


I by  hand.  The  symbol  Ty  denotes  the  length 
of  time  in  seconds  the  technician  “j"  expects  to  use  to  complete  the  remaining  essential  subtask  elements 
*i"  in  a mission.  Ty  denotes  the  length  of  time  in  seconds  the  technician  expects  to  use  for  completion  of 


the  remaining  nonessential  subtask  elements  in  the  mission.  This  time  includes  the  current  subtask  element 
in  each  case.  The  two  values  are  calculated  independently.  The  procedure  for  calculating  Ty  and  T^ are 
presented  in  the  following  paragraphs. 
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32.3. 1 Tima  Lina  Drawing  Except  for  very  simple  tasks,  a time  line  drawing  should  be  pre- 

pared to  facilitate  the  calculation  of  the  Ty  and  Ty  values.  A hypothetical  sample  mission  is  presented  in 
table  3-3,  and  its  corresponding  time  line  drawing  is  shown  in  figure  3-3.  Table  3-3  includes  only  those 
data  elements  required  to  determine  Ty  and  Ty  values.  The  following  notes  and  conventions  apply  to  the 
time  line  drawing  shown  in  figure  3-3. 


• Times  used  are  average  subtaak  execution  times  (Ty). 

• No  random  effects  are  considered. 

• The  top  line  in  the  drawing  applies  to  technician  I , the  lower  line  to  technician  2. 
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TASK  MM  CD  2 

NUMBER  OF  RUNS  2 


NUMBER  OF  ITERATIONS  100 


TASK  DATA  FOR  OFERATOR 


TASK 

TASK  NON 

PRECEDENCE 

NEXT-TASK 

AVERA6E 

TINE 

PROS. 

TIME 

REMAINING  SPEC. 

JUMP 

TASK 

NO 

TYPE  ESS  TASK 

TIME 

sue 

FAIL 

TIME 

OEV 

sue 

ESS 

NON-ESS 

CODE 

0P1 

0P2 

JAG 

1 

-0 

.0.00 

2 

1 

IX  .460 

34.820 

.860 

2109.480 

3X.0X 

-0 

-0 

-0 

-0 

2 

•0 

-0.00 

3 

2 

3.860 

1.120 

.980 

1911.020 

3X.0X 

-0 

-0 

-0 

4 

3 

-0 

-0.00 

4 

3 

23.650 

1.900 

.580 

1907. 160 

3X.0X 

-0 

-0 

-0 

7 

4 

•0 

.0.00 

5 

4 

1.560 

.520 

.990 

1883.510 

3X.0X 

-0 

-0 

-0 

7 

5 

-0 

.0.00 

6 

5 

17.800 

3.3X 

.890 

1X1.  KO 

3X.0X 

-0 

-0 

-0 

1 

6 

-0 

-0.00 

7 

6 

2.3X 

.650 

.990 

1864. IX 

3X.0X 

-0 

-0 

-0 

7 

7 

•0 

-0.00 

8 

7 

8.120 

2.220 

.990 

1X1.820 

3X.0X 

-0 

-0 

-0 

6 

8 

•0 

-0.00 

9 

8 

1.200 

.400 

.990 

1X1. 700 

3X.0X 

-0 

-0 

-0 

7 

9 

-0 

-0.00 

10 

9 

180.000 

60.000 

.500 

1X2.500 

3X.0X 

-0 

-0 

-0 

8 

10 

-0 

-0.00 

11 

10 

8.120 

2.220 

.990 

1672.500 

3X.0X 

-0 

-0 

-0 

6 

11 

-0 

-0.00 

12 

11 

1.200 

.400 

.990 

1X4 . 380 

3X.0X 

-0 

-0 

-0 

7 

12 

-0 

-0.00 

13 

12 

12.960 

4.320 

.990 

1X3.  IX 

3X.0X 

-0 

-0 

-0 

-0 

13 

•0 

-0.00 

14 

13 

180.000 

.600 

.500 

1650.220 

3X.0X 

-0 

-0 

-0 

8 

14 

-0 

-0.00 

15 

14 

8.120 

2.220 

.990 

1470.220 

3X.0X 

-0 

-0 

-0 

6 

IS 

.0 

-0.00 

16 

15 

1.200 

.400 

.990 

1X2.  IX 

3X.0X 

-0 

-0 

-0 

7 

16 

-0 

-0.00 

17 

16 

55.120 

20.080 

.990 

1460.900 

3X.0X 

-0 

-0 

-0 

-0 

17 

-0 

-0.00 

18 

17 

8.120 

2.220 

.990 

1405. 7K 

3X.0X 

-0 

-0 

-0 

6 

18 

.0 

-0.00 

58 

18 

1.200 

.400 

.990 

1397.660 

3X.0X 

-0 

-0 

-0 

7 

19 

N 

•0 

-0.00 

20 

19 

150.000 

50.00 

.990 

1396. XO 

3X.0X 

-0 

-0 

-0 

8 

20 

-0 

-0.00 

21 

20 

28.000 

5.820 

.980 

13K.460 

IX. OX 

-0 

-0 

-0 

-0 

21 

-0 

-0.00 

22 

21 

2.3X 

• XO 

.990 

1368.460 

150. OX 

-0 

-0 

-0 

7 

22 

•0 

-0.00 

23 

22 

5.000 

1.000 

.960 

13X.1X 

1X.0X 

-0 

-0 

-0 

-0 

23 

•0 

-0.00 

24 

23 

1.100 

.330 

.990 

1361.130 

150.  OX 

-0 

-0 

-0 

-0 

24 

-0 

-0.00 

2S 

24 

193.460 

34.820 

.880 

1360.030 

150.  OX 

-0 

-0 

-0 

-0 

ZS 

-0 

-0.00 

26 

2S 

34.790 

1.810 

.790 

UK. 570 

150.  OX 

-0 

-0 

-0 

-0 

26 

-0 

-0.00 

27 

26 

IX. 360 

34. 7K 

.980 

1131. 7X 

1X.0X 

-0 

-0 

-0 

-0 

27 

-0 

-0.00 

28 

27 

16. 930 

1.520 

.890 

9K.420 

150.0X 

-0 

-0 

-0 

2 

28 

-0 

-0.00 

29 

28 

16.9X 

1.520 

.890 

949.490 

ISO. OX 

-0 

-0 

-0 

2 

29 

-0 

-0.00 

X 

29 

4.660 

.920 

.980 

932.  XO 

150.  OX 

-0 

-0 

-0 

2 

30 

-0 

-0.00 

31 

X 

4.660 

.920 

.980 

927. 900 

IX. OX 

-0 

-0 

-0 

2 

31 

-0 

-0.00 

32 

31 

8.510 

1.120 

.970 

923.240 

150. OX 

-0 

-0 

-0 

2 

32 

-0 

-0.00 

33 

X 

8.510 

1.120 

.970 

914.730 

1X.0X 

-0 

-0 

-0 

2 

33 

-0 

-0.00 

34 

X 

16.9X 

1.520 

.890 

906.220 

150.  OX 

-0 

-0 

-0 

2 

34 

-0 

-0.00 

X 

X 

16. 9X 

1.520 

.890 

889. 290 

1X.0X 

-0 

-0 

-0 

2 

35 

.0 

-0.00 

X 

X 

8.120 

2.220 

.990 

872.360 

IX. OX 

-0 

-0 

-0 

6 

X 

-0 

-0.00 

37 

X 

1.200 

.400 

.990 

864. 240 

IX. OX 

-0 

-0 

-0 

7 

37 

.0 

-0.00 

X 

37 

8.120 

2.220 

.990 

883.040 

ISO.  ox 

-0 

-0 

-0 

6 

X 

■0 

-0.00 

39 

X 

1.200 

.400 

.990 

354.920 

1X.0X 

-0 

-0 

-0 

7 

39 

0 

.0 

-0.00 

40 

1 

-0.000 

-0.000 

• XO 

853.720 

1X.0X 

-0 

-0 

-0 

-0 

40 

0 

-0 

-0.00 

41 

19 

-0.000 

-0.000 

.950 

X3.720 

IX.  ox 

-0 

-0 

-0 

-0 

41 

-0 

-0.00 

42 

41 

28.000 

5.820 

.990 

M3. 720 

150.  OX 

-0 

-0 

-0 

-0 

42 

.0 

-0.00 

43 

42 

2.3X 

.650 

.990 

825.720 

IX. ox 

-0 

-0 

-0 

7 

43 

-0 

-0.00 

44 

43 

2.330 

.650 

.990 

323.390 

150. OX 

-0 

-0 

-0 

*9 

44 

-0 

-0.00 

45 

X 

2.710 

1.060 

.970 

821.060 

ISO. ox 

-0 

-0 

-0 

7 

45 

-0 

-0.00 

X 

45 

1.200 

.400 

.990 

818.350 

150.  ox 

-0 

-0 

-0 

7 

46 

-0 

-0.00 

47 

X 

IX. 360 

34.780 

.890 

817.150 

130. OX 

-0 

-0 

-0 

-0 

47 

.0 

-0.00 

X 

47 

5.000 

1.000 

.980 

XI.  790 

150. OX 

-0 

-0 

-0 

-0 

48 

.0 

-0.00 

49 

X 

17.800 

1.330 

.890 

6M.790 

1X.0X 

-0 

-0 

-0 

7 

49 

•0 

-0.00 

50 

X 

IX. 360 

34.780 

.980 

628.990 

150.  OX 

-0 

-0 

-0 

-0 

SO 

-0 

-0.00 

SI 

X 

193.460 

34.820 

.880 

463. 6X 

IX.  OX 

-0 

-0 

-0 

-0 

51 

-0 

-0.00 

52 

51 

5.000 

1.000 

.980 

270.170 

ISO. OX 

-0 

-0 

-0 

-0 

52 

-0 

-0.00 

53 

52 

1.100 

.3X 

.990 

2X.170 

1X.0X 

-0 

-0 

-0 

-0 

S3 

-0 

•0.00 

54 

S3 

25. CO 

1.570 

.810 

264.079 

150.  OX 

-0 

-0 

-0 

-0 

54 

•0 

-0.00 

55 

54 

55.120 

20.080 

.990 

2X.440 

IX. OX 

-0 

-0 

-0 

-0 

55 

-0 

-0.00 

X 

55 

12.860 

4.320 

.990 

183.320 

150. OX 

-0 

-0 

-0 

-0 

56 

-0 

-0.00 

57 

56 

5.000 

1.000 

.980 

170.860 

1X.0X 

-0 

-0 

-0 

-0 

57 

•0 

-0.00 

56 

57 

-0.000 

4.751 

.980 

165. IX 

ISO. OX 

-0 

-0 

-0 

-0 

58 

0 

•0 

-0.00 

59 

X 

-0.000 

•0.000 

.800 

l.OX 

150.  OX 

-0 

-0 

-0 

-0 

59 

0 

•0 

•0.00 

60 

59 

-0.000 

-0.000 

.800 

O.OX 

150. OX 

-0 

-0 

-0 

-0 

60 

0 

-0 

-0.00 

61 

60 

•0.000 

-0.000 

.880 

O.OX 

1X.0X 

-0 

-0 

-0 

-0 

61 

0 

-0 

-0.00 

62 

61 

-0.000 

-0.000 

.950 

O.OX 

150.  OX 

-0 

•0 

-0 

-0 

It 

N 

-0 

-0.00 

-0 

62 

150.000 

50.000 

.990 

O.OX 

1X.0X 

-0 

-0 

-0 

-0 

Figuna  3-2  Samph  Input  Data  Shaat 
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• This  drawing  is  not  to  scale  in  time,  but  zero  time  starts  at  the  left  and  when 

the  two  technicians  are  at  the  same  point  in  time,  A vertical  tine  shows  this 
synchronisation  and  an  encircled  number  shows  the  time,  in  seconds,  at  that 
point.  It  may  be  desirable  to  prepare  the  time  line  drawing  to  scale  if  the  draw- 
ing is  to  be  used  for  presentation  or  other  study  purposes,  but  is  not  required  for 
calculation  of  Ty  and  values, 

• A double  horizontal  line  for  a technician  indicates  that  the  technician  is  waiting 
for  another  technician  due  to  a specified  dy  value. 

• The  shaded  semicircle,  between  tasks  2 and  3 for  technician  2,  indicates  that 
technician  I cannot  begin  his  task  4 until  technician  2 completes  task  2.  There 
is  no  waiting  required  because  technician  2 will  normally  finish  task  2 before 
technician  I starts  task  4. 

• The  average  duration  of  c>l  waits  must  now  be  calculated.  They  are  shown 
above  the  double  horizontal  lines  in  parentheses.  The  first  (left  most)  value  is 
the  sum  of  technician  I’s  tasks  1 and  2 (8.6).  The  next  wait  is  the  length  of 
task  1 for  technician  2 (5.0),  the  third  was  determined  to  be  the  difference 
between  completion  of  task  S by  technician  i and  completion  of  task  3 by 
technician  2 ■ 25.7  - (13.6  ♦ 2.0  + 4.2)  - 5.9. 


Table  3-3  Sample  Hypothetical  Task 


Operator 

(j) 

i 

“ij 

Essential 

tN 

Tii 

t£ 

« 

l 

1 

0 

6.5 

Yes 

2.1 

31.8 

2 

0 

2.1 

Yes 

2.1 

25.3 

3 

1 

3.8 

Yes 

2.1 

18.2 

4 

2 

6.2 

Yes 

2.1 

14.4 

S 

*> 

2.1 

No 

2.1 

8.2 

6 

2 

8.2 

Yes 

0 

8.2 

2 

1 

2 

5.0 

Yes 

4.2 

18.9 

2 

2 

2.0 

Yes 

4.2 

13.9 

3 

*3 

4.2 

No 

4.2 

11.9 

4 

5 

6.0 

Yes 

0 

6.0 

3.23.2 


Calculation  Mei'tod  The  general  rule  for  calculating  Ty  and  Ty  is  as  follows: 


Start  at  the  end  of  the  mission  and  add  Ty  values  successively,  taking  waiting  times  and  essentiality  into 
account.  With  no  waiting  time,  the  calculation  for  essential  tasks  is: 


(3-1) 


For  nonessential  tasks  with  no  waiting  time,  the  calculation  is: 


rN 

*i+  l,j 


+"t.. 

U U 


Table  34  presents  a running  account  of  T^and  calculations  for  the  sample  task  presented  in  table  3-3 
and  figure  3-3.  w J 


Checks. 


Sum  of  execution  times  for  operator  I 
Wait  for  operator  1 

Total 

Ty  ♦ Ty  for  operator  1 

Average  completion  time  for  operator  1 


28.9 
5.0 

33.9 
33.9 
33.9 


Sum  of  execution  times  for  operator  2 
Wait  for  operator  2 


p N To,,J 

Ty  ♦ Ty  + initial  wait  for  operator  2 

Average  completion  time  for  operator  2 


17.2 

14.5 

31.7 

31.7 

31.7 


In  the  event  of  a decision  (branch),  the  Ty  values  should  be  calculated  for  all  tasks 
following  the  branch  first;  then  these  times  are  multiplied  by  the  probabilities  for  the  respective  branches 
and  the  products  are  adued.  This  yields  a single  value  to  which  the  next  earlier  Ty  can  be  added  to  deter- 
mine the  Tjr  for  the  task  preceding  the  branch.  TjVis  treated  similary. 


I 1 


i i 


j 

i 

j 

j 


M 
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F N 

Values  of  Ty  and  Ty  are  used  in  the  method  only  for  calculating  stress.  Since  these 
values  are  cumulative,  a calculations!  error  results  in  Ty  values  which  are  incorrect  thereafter.  Accordingly, 
double  checks  during  the  process  are  justified.  For  long  tasks,  in  which  values  for  early  tasks  are  large, 
an  error  would  result  in  only  a small  error  in  stress.  For  example,  if  the  time  allotted  were  SO  minutes 
(3000.0  seconds)  and  thevalue  of  Ty  for  the  first  task  was  2400.0,  the  stress  would  be  1.2S  at  the  begin- 
ning of  the  mission  (3000/2400).  If,  by  error,  was  calculated  to  be  2410,  the  stress  would  be  1.245,  an 
error  of  0.00S.  resulting  in  little  effect  on  execution  times. 


Table  3-4.  T^j  and  Calculations  for  Sampla  Task 


L' 

Last  essential  subtask  for  technician  1 -Tyisthesameasty 
Last  essential  subtask  for  technician  2-Ty  is  the  same  as  ty 
Nonessential  subtask  unchanged  from  subtask  6 
Essential  subtask-  Ty  3 8.2  + 6.2-Ty  unchanged 
Essential  subtask-l| 3 14.4  + 3.8  Ty  unchanged 
Nonessential  subtask  during  an  essential  waiting  period  of 
5,9  seconds -T-j  = 6.0  + 5.9 
Essential  subtask-Ty  3 1 1.9  + 2.0- Ty  unchanged 
Essential  subtask-T*3  13.9  + 5.0- unchanged 
Essential  subtask  including  a waiting  period-  Ty  3 18.2  + 
2.1  + 5.0-Ty  unchanged 

Essential  subtask  -Ty  3 25.3  + 6.5-Ty  unchanged 


3,2.4  Punched  Card  Preparation.  Six  types  of  punched  cards  are  used  in  the  computer 

simulation.  These  cards  are  designated  Types  0 through  5,  as  shown  in  figure  34.  Instructions  for  the  prep- 
aration of  cards  1 through  4 are  presented  in  the  following  paragraphs. 


3.2.4. 1 Information  Cards.  The  task  and  parameter  inputs  are  preceded  by  information 

inputs  that  supply  data  on  the  general  conditions  of  the  run.  The  information  cards  are  as  follows: 

• Card  Type  1 • General  information  card  provides  run  instruction  codes 

• Card  Type  2 • Number  of  Subtasks  Card 

Card  punch  instructions  for  the  information  cards  are  presented  in  table  3-5. 


I 


I 


It 


it; 

f 


Table  3-S.  Preparation  of  Information  Cards,  Types  1 and  2 (Format  IS) 


Card  Type  and 
Symbolic  FORTRAN 
Name 

Card 

Columns 

Contents 

Remarks 

Card  Type  1 : 

General  information  card 

NUMTRL 

1-  5 

Run  number 

Run  identifier 

NUMRUN 

6-10 

Number  of  runs 

NUMIT 

11-15 

Number  of  iterations 

Per  run  (Symbol  “N”) 

IND  1 

16-20 

Random  number  count 

Number  of  times  random  number 
generator  subroutine  is  called 
before  run  starts 

IND  2 

21-25 

Type  of  output  for  first 
1CHG  iterations  (ICHC 
defined  below) 

0 = run  summary  etc. 

IND  3 

26-30 

— 

Subtracted  from  IND  2 after 

ICHG  iterations 

IND  4 

31-35 

Unit  of  time 

value  * 1 

IND  5 

3640 

0 * hours 

1 = seconds 

2 * minutes 

ICMG 

445 

Number  of  iterations  before 
changing  type  of  output 

Card  Type  2: 

N1NPC 

1-5 

Total  number  of  mission  i 
the  run  and  the  sum  of  the 

nput  data  (subtask)  cards  included  in 
last  task  numbers  for  both  operators 

3.2.4. 2 Subtask  Input  Data  Card.  Using  the  input  data  sheet,  prepare  a subtask  input  data 

l card  (card  Type  3)  for  each  subtask  listed.  A limit  of  300  subtasks  for  each  technician  has  been  established 

; t for  the  simulation  model;  do  not  exceed  this  limit.  The  content  and  format  of  the  subtask  input  card  is 

| ?'■  outlined  in  table  3-6.  Table  3-7  provides  an  explanation  of  the  data  items  included  on  the  subtask  input 

I i.  data  card. 


3.2.4.3  Parameter  Input  Data  Cards.  Prepare  one  parameter  input  data  card  (card  Type  4)  for 

each  technician. 


Four  parameters  are  provided  to  the  model  on  input  cards  in  the  format  shown  in 
table  3-6.  A pair  of  cards,  one  card  for  each  technician,  is  supplied  for  each  computer  run  desired.  A run  is 
composed  of  the  simulation  of  N task  performances  (iterations).  The  contents  in  table  3-S  are  as  follows: 

* Stress  threshold  • The  stress  threshold  is  considered  the  technician's  “breaking 
point."  The  model’s  simulation  is  based  on  the  psychological  concept  that  time 
stress  organizes  behavior  up  to  a threshold  point  and  disorganizes  it  beyond  that 
point.  Stress  is  calculated  as  the  ratio  of  the  average  time  to  complete  the  re- 
maining essential  subtasks  to  the  total  time  remaining  to  the  technician.  A value 
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Table  3-6.  Content  and  Format  forSubtatk  Input  Data  Card* 
( Card  Type  3) 


- Using  Reference  Material 
= Equipment  Inspection 


€ 


of  strew  greater  than  unity  but  lets  than  the  threshold  will  Increase  the  tech- 
nician’s speed  and  success  probability.  At  the  threshold,  the  effect  of  stress  is 
reversed,  simulating  disorganization  and  confusion  of  the  technician. 


I 


! 

1. 

f 

r 

L' 


C 


• F factor  • Hie  F factor  for  each  technician  it  an  individuality  indicator  repre- 
senting technician  speed  or  proficiency.  An  average  technician  is  given  an  F 
factor  of  unity;  fatter  and  more  proficient  technicians  have  lower  values;  slower 
and  lets  proficient  technicians  have  higher  F values. 

• Tima  available  • The  total  time  available  to  complete  the  task  is  a time  limit. 
This  value  it  employed  as  the  interim  of  task  success. 

• Period  • The  period  refers  to  the  period  of  time  applicable  to  cyclic  subtasks.  A 
cyclic  subtask  is  initiated  only  at  a time  that  is  a multiple  of  the  period,  P.  The 
simulated  technician  waits,  if  necessary,  until  such  time  occurs. 


Table  3-7.  Preparation  of  Subtask  Input  Data  Cards 


Data  Item 

Description 

Operation  number 

Operator  designation  (1  or  2) 

Subtask  element  number 

Sequential  task  number  (1  through  300) 

Type  of  subtask  element 

Type  J.  Joint  subtask-Ferformed  simultane- 
ously by  two  technicians 

Type  E:  Equipment  subtask-Causes  a delay  due 
to  a factor  other  than  technician  per- 
formance 

Type  D:  Decision  subtask-Allows  for  looping, 
skipping,  or  branching  in  the  perform- 
ance sequence  i.e.:  the  next  subtask  is 
selected  according  to  the  results  of  the 
task  being  performed. 

Type  C:  Cyclic  subtask-A  subtask  that  cannot 
be  started  until  the  next  cycle  time  in 
a series  of  equal  time  periods. 

Essentiality  indicator 

Identifies  optional  items 

Subtask  element  precedence 

Identifies  the  subtask  element  that  must  be  com- 
pleted by  the  other  member  of  the  team  before 
this  subtask  can  be  started 

Time  precedence 

Indicates  waiting  time  from  the  start  of  the  malfunc- 
tion correction  process  before  this  subtaak  can  be 
started 
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Table  3-7.  Preparation  ofSubtaak  input  Data  Carda  t Continued I 


Data  Item 


Deicription 


Next  subtaak  element  success 


Next  subtask  element  failure 


Indicates  the  next  subtask  to  be  started  if  this  sub- 
task is  successfully  completed 

Indicates  the  next  subtask  to  be  started  if  this  sub- 
task is  failed 


Average  time 
Time  deviation 


Probability  of  success 
Time  remaining,  essential 


Time  remaining  nonessential 


Average  execution  time  for  this  subtask 

Average  standard  deviation  of  subtask  execution 
time 

From  task  analytic  data;  use  extent  data  banks 

Sum  of  time  for  remaining  essential  subtasks- 
calculated  after  other  inputs  are  prepared 

Sum  of  time  for  remaining  nonesaential  subtasks- 
calculated  after  inputs  are  prepared 


Special  jump  subtask  element  type 


The  special  jump  subtask  type  1 enables  both  tech- 
nicians to  jump  to  an  individually  specified  subtask 
if  one  of  the  technicians  ignores  a given  subtaak.  If 
a subtask,  so  identified,  is  ignored,  technician  j will 
go  to  NXTJ  (I,  J)  for  his  next  subtask;  his  partner, 
technician  j,  will  go  to  NXTJP  (I,  J). 

Special  jump  subtask  type  2 provides  a team  deci- 
sion capability  to  the  model.  If  a subtask,  so  iden- 
tified, is  a success,  technician  j will  go  to  NXTS 
(I,  T)  for  his  next  subtask.  If  the  subtask  is  failed, 
technician  i goes  to  NXTJ  (I.  J1  and  his  partner, 
technician  j’,  goes  to  NXTP  (I,  J).  Thus,  one  tech- 
nician can  make  a decision  which  will  determine 
the  future  sequence  of  subtasks  for  both  technicians 


Next  subtask  element  for  j,  special 


Next  subtask  element  for  j'  special 


Indicates  next  subtask  if  this  subtask  is  being  per- 
formed as  a special  jump  subtaak 

Indicates  next  subtask  for  the  other  technician  in- 
volved in  a special  jump  subtask 


Job  activity  group 


Identifies  the  task  associated  with  this  subtask 


Ttbia  3~8.  Contact  and  Format  of  Paramatar  Input  Data  Cards 
(Card  Typa  4) 


Symbolic 

FORTRAN 

Name 

Card 

Columns 

Format 

Content 

Symbol 

Remarks 

J 

1 

11 

Technician  number 

j 

1 or  2 

STRM  (J) 

2-11 

F10.0 

Stress  threshold 

Mj 

Mj>1.9<2.8 

SPEED  (J) 

12-21 

F10.0 

F factor 

Fj  <1 : faster 

F-  > 1 : slower 

TMAVA(J) 

22-31 

F10.0 

Time  available 

5 

pj 

Time  remaining 

PRD(J) 

32-41 

F10.0 

Period 

Period  for  cyclic  tasks  9 
(seconds) 

JOT  (J) 

43 

11 

Job  technician  type 

0.  None  of  the  following 

1.  Electrician’s  mate 

2.  Electronic  technician 

3.  Fire  control  technician 

4.  Interior  communications 

electrician 

5.  Radarman 

6.  Radioman 

7.  Sonar  technician 

8.  Torpedoman's  mate 

3.3  Results  of  Computer  Simulation 

The  computer  simulation  model  produces  a variety  of  data  which  is  typically  recorded 
on  magnetic  tape  for  subsequent  printout  on  a high  speed  line  printer.  The  categories  of  results  available  are 
summarized  in  table  3-9.  The  probability  of  successful  completion  of  mission  tasks  can  be  obtained  by 
analyzing  the  computer  printouts. 

3.3. 1 Itaratlon  Summary.  Figure  3-5  shows  a portion  of  the  iteration  summaries  for  the 

sample  task  that  was  presented  in  table  3-1.  The  iteration  summaries  contain  the  following  data  for  each 
simulated  technician: 

• The  input  stress  threshold 

• The  input  speed  (proficiency) 

• The  total  input  available  time 
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• The  difference  between  the  milible  time  and  the  actual  time  used 


1 


• The  time  spent  waiting  for  the  other  technician  (two  technician  case  only) 

• Subtask  on  which  the  peak  (maximum)  stress  occurred  and  the  peak  stress  level 
reached 

• The  stress  level  of  each  technician  at  the  end  of  the  simulation 

• Team  cohesiveness  at  the  end  of  the  simulation 

• Time  spent  waiting  for  a given  equipment  cycle 


Table  3-9.  Computer  Simulation  Results 


Title 

Frequency 

Remarks 

Detail  listing 

Every  subtask 

Optional.  1 line  per  subtask 

Iteration  summary 

At  end  of  each 

Optional,  7 lines  per  iteration 

iteration 

iteration 

Run  summary 

At  end  of  run 

9 lines  plus  8 frequency 
distributions  for  each  technician 

! 1 


33 1. 1 Malfunction  Correction  Time  Prediction.  The  iteration  summaries  provide  the  data 

needed  to  predict  the  time  it  will  take  the  technicians  to  correct  a given  malfunction.  The  procedure  for 
using  the  iteration  summaries  to  predict  total  malfunction  correction  time  is  shown  in  figure  3-6  and 
described  as  follows: 

• Prepare  a frequency  distribution  of  the  total  time  used  data  for  each  iteration 

• Convert  the  frequency  data  to  cumulative  proportions  (stated  in  percent) 

• Plot  the  cumulative  percentages  against  time  and  draw  a line  of  best  fit  on  the 
plot 

• Draw  a horizontal  line  from  the  line  of  best  fit  to  the  SO  percent  point  on  the 
ordinate  of  the  graph. 


3-18 


» 3 


o*b  tmrfs  speed  - - - * - 

MO  MOLD  AVAIL 

1 2.3*  1.00  noo.oo 
0 2.30  .00  1300.00 


t i » r o 
u«rD  diff 
1000.00  -100,0 
.ts-iio*,? 


PFA«  STRESS 
TOOK  VALUE 

I 1.00 

1 1.00 


FINAL  LOST  CYCLIC 
STRESS  COMFS  BAIT 

1.00  0.00  0.00 

1.00  0.00  0.00 


simmobv  outwit  or  iteration  ? run  i t»iol  o 

OVER  "UN  TOTOL  T|ME  USED  1*10. 2* 


opr  tmrfs  srffo  - - - - - 
NO  MOLO  AVAIL 

1 2.30  1.00  1300.00 

? ?.30  .00  1300.00 


T T M f S 

usro  oi rr 

1410.?*  1*,? 

.75-130*.? 


PF OK  STBFOS 
TASK  YALUF 

43  2.30 

l 1.00 


FINAL  LAST  CYCLIC 
OTRfSS  COMES  NA1T 

2.30  .30  0.00 

2.30  0.00  0.00 


SIMMARY  OUTBIIT  OF  ITFBATTON  3 BUN  1 TRIAL  A 

UNDER  BON  TOTAL  TIME  USED  13*0.2* 


OPR  THBFO  OBFFO  - - - - - 
NO  HOLD  AVAIL 

1 2.30  1.00  1300.00 

? ?.30  .00  1300.00 


TIMES 

USFO  OlFF 
13*0.?*  -03,* 

.T5-130*.? 


PEAK  STRESS 
TASK  VALUE 

1 1.00 

1 1.00 


FINAL  LAST  CYCLIC 
STRESS  CONES  BAIT 

1.00  0.00  0.00 

1.00  0.00  0.00 


SUMMARY  OUTWIT  OF  ITFRAT10N  * "W  1 TRIAL  * 

UNDER  run  TOTAL  TIME  USED  12TT.0O 

opr  thbfs  sprrn  -----  t i ■ F s _ “ * * * * .Jli"  STJJ?:L 

NO  MOLO  AVAIL  Oirr  VAfT  TASK  VALUf 

1 2.30  1.00  1300.00  1PTT.OO  -121,0  0.0  1 1.00 


1300.00 


.TS-130*.?  0.0 


FINAL  LAST  CYCLIC 
STRESS  CONES  BAIT 

1.00  0.00  0.00 

1.00  0.00  0.00 


SUNMARY  OUTRUT  OF  TTFRATION  0 BUN » T*»*L  * 

OVER  RUM  TOTAL  TIME  USFO  2T00.S* 


opr  thbfs  spfrn  - - - - - 

NO  HOLD  AVAIL 

1 2.30  1.00  1300.00 

? 2.30  .00  1300.00 


TIMES  -----  PEAK  STRESS 
USED  OlFF  BAIT  TASK  VALUE 

27*0. SO  1300,0  0,0  1 S.OO 

.TS-130*.?  0.0  I 1.00 


FINAL  LAST  CYCLIC 
STRESS  COMES  BAIT 

2.30  .30  0.00 

2.30  0.00  0.00 


SUNNARY  OUTPUT  OF  ITERATION  « RUN  I **»“■  * 

OVER  RUN  TOTAL  TINE  USFO  3*00.00 


OPR  TMBFS  SPEED 
NO  MOLD 

1 2.30  1.00 

2 2.30  .00 


AVAIL 

1300.00 

1300.00 


T | M F S -----  Pf  AY  STRFS5 

USED  OlFF  BAIT  TASK  VALUE 

3000.00  20*1.0  0.0  I *••• 

.TS-130*. 2 0.0  1 1.0» 


FINAL  LAST  CYCLIC 
STRESS  COMES  BAIT 

2.30  .30  0.00 

2.30  0.00  0.00 


SUMMARY  OUTWIT  OF  ITFOATION  T RIRI  I TRIAL  A 

UNDE*  RUN  TOTAL  TIME  USEO  I3M.SS 


OPR  TMRES  SPEED 
NC  HOLD 
I ..30  1.0* 

I 2.30  .00 


AVAIL 
1300.00 
1 300.00 


TIMES  -----  PEAK  STRESS 
USEO  OIF F BAIT  TASK  VALUE 

1 33*. SS  -02,*  0.0  I 1.00 

.TS-130*.?  1.0  » I. 00 


FINAL  LAST  CYCLIC 
STRESS  COMES  BAIT 

1.00  0.00  0.00 

i.eo  o.oo  o.oo 


SUMMARY  OUTRUT  OF  ITERATION  • ***..’ 

OVER  RUM  TOTAL  TIME  USED  2*20.28 


Ftfur » 3-6  Stmph  of  Imotho  Summorim 


3-17 


Figure  3-6.  Predicted  Malfunction  Correction  Time 


The  plot  shown  in  figure  3-6  shows  separate  data  for  technicians  1 and  2.  The  data  shows  that  technician  1 
is  a “fast"  (F  ■ 0.9)  technician,  and  technician  2 is  a "slow"  (F  * 1 .1 ) technician.  The  predictions  obtained 
from  figure  3-6  are: 

• Fifty  percent  of  the  malfunction  corrections  performed  by  technician  1 will  be 
performed  in  2280  seconds  or  less. 

• Fifty  percent  of  the  malfunctions  performed  by  technician  2 will  be  performed 
in  2 330  seconds  or  less. 

• The  range  of  malfunction  correction  times  for  technician  1 will  be  from  1925  to 
2425  seconds. 

• The  range  of  malfunction  correction  times  for  technician  2 will  be  from  2145  to 
242S  seconds. 

3.3.2  Run  Summery.  Figure  3-7  shows  a run  summary  for  the  sample  task.  The  run  summary 

contains  the  following  data: 

• Run  number  (1) 

• Total  number  of  iterations  performed  (100) 

• Number  of  successful  iterations  (4 1 ) 

• Percent  successful  iterations  (41 .0) 
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• Time  available,  T-  (2409.00) 

• The  following  data  are  listed  for  each  operator  or  technician  (the  results  of 
operator  1 are  presented  in  this  case  since  the  malfunction  correction  is  a uni- 
technician function): 

- Operator  number  ( 1 ) 

- Stress  threshold,  M,  (2.30) 

J h 

- Speed  factor,  Fj  (1 .00) 

- Time  available,  Tj  (2409.00) 

- Average  time  used  over  N iterations  (3S6S.33) 

- Average  time  overrun,  i.e.,  time  used-time  available  (1 1 S6.33) 

- Average  waiting  time  (0.00) 

- Average  peak  stress  (2.88) 

Average  final  stress  (1 .77) 

- Average  cyclic  waiting  time  (0.00) 

• The  following  frequency  distributions  are  displayed  and  values  presented  for 
each  subtask  and  for  each  operator 'technician. 

Subtask  number 

- A count  for  the  number  of  times  that  subtask  was  the  last  one  completed 
before  finishing  the  iteration  or  running  out  of  time.  The  last  subtask,  62, 
was  the  last  subtask  completed  41  times. 

- A count  of  the  number  of  times  a subtask  was  failed 

- A count  of  the  number  of  times  a subtask  was  ignored 

The  time  spent  in  repeating  subtasks  that  were  failed 

- A count  of  the  number  of  times  the  peak  stress  occurred  on  each  subtask 

- The  average  time,  from  the  beginning  of  the  malfunction  correction,  that 
the  subtask  was  completed 

The  average  stress  prior  to  beginning  each  subtask 

Average  cohesiveness  value  on  each  subtask 
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I The  data  provided  by  the  run  summary  may  be  employed  as  a basis  for  gaining  insight  <*  l 


into  areas  for  redesign  so  as  to  decrease  maintenance  time.  For  example,  subtasks  involving  large  times  may 
be  considered  for  redesign  or  for  training  emphasis.  Similarly,  subtask  yielding  high  failure  frequencies  may 
be  considered  for  special  treatment.  If  the  malfunction  correction  method  is  revised,  the  revision  may  be 
analysed  through  the  computer  simulation  method  to  indicate  the  extent  of  the  reduction  in  estimated  mal- 
function correction  time  brought  about  by  the  revision. 


3.4  Summary  of  Um  of  Computer  Simulation  Technique  j 

i j 

The  steps  involved  in  applying  the  computer  simulation  method  for  estimating  time  to 
repair  for  a given  electronic  system  are: 

• For  the  system  under  consideration  select  a representative  and  adequate  sample  ' 1 

of  the  malfunction  correction  situations  j 

1 

• For  each  malfunction  correction  in  the  «mple,  prepare  a sequential  list  of  the  > | 

! subtasks  involved  in  malfunction  correction  \ 

• Prepare  the  input  data  for  each  malfunction  j 

• Run  each  simulation  for  a minimum  of  100  iterations  ! 1 

•5 

j 

• Graphically  summarize  the  data  by  malfunction  and  across  malfunctions  j 

• The  across  malfunction  data  summary  yields  the  estimated  time  to  repair  for  the  ; \ 

system  j j 

3.5  Simulation  Program  Date  | 

Program  data  for  the  digital  simulation  one  and  two  technician  model  are  presented  in  , j 

the  appendixes.  These  data  are  identified  as  follows;  i ' 

i } 

• Defintions  of  the  variables  in  the  computer  simulation  program  are  presented  in  j i 

appendix  A.  ■ ] 

• The  program  listing  for  the  simulation  program  is  presented  in  appendix  B.  \ 

I ; 

• The  program  flow  charts  are  presented  in  appendix  C.  j 1 
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Ftgun3-7.  Run 


4.0 


INTERMEDIATE  SIMULATION  MODEL  (ISM) 


r 


4.1 


The  ISM,  also  developed  at  Applied  Psychological  Services,  provides  digital  simulation 
of  task  performance  involving  4 to  20  performers  and  permits  the  calculation  of  Human  Reliability  (HR), 
Equipment  Reliability  (ER)  and  System  Reliability  (SR)  factory  Human  Availability  (HA),  Equipment 
Availability  (EA),  System  Availability  (SA),  Human  Mean  Time  to  Repair  (HMTTR),  Equipment  Mean 
Time  to  Repair  (EMTR),  and  System  Mean  Time  to  Repair  (SMTTR). 

The  ISM  predicts  the  time  required  to  complete  the  simulated  task  and  is  capable  of 
predicting  the  effect  of  changes  in  a given  variable  on  HR,  ER,  or  SR  Using  inputs  for  a specific  equipment 
or  system,  the  ISM  provides  answers  to  such  questions  as: 

• What  is  its  ER? 

• What  is  its  HR? 

• Which  components  of  ER  contribute  most  to  unreliability? 

• Which  components  of  HR  contribute  most  to  unreliability? 

• What  changes  in  equipment  will  lead  to  an  increase  in  ER? 

• What  personnel  changes  will  increase  HR? 

• What  behavioral  variables  contribute  most  to  HR? 

• What  part  does  ER  and  HR  respectively,  contribute  to  SR? 

• What  system  design  changes  will  best  contribute  to  an  increase  in  reliability? 

• How  does  crew  proficiency  affect  HR?  SR? 

• What  are  the  effects  of  such  items  as  motion  sickness,  fatigue,  morale,  level  of 
aspiration,  etc.,  on  HR?  on  SR? 

4.1.1  Advantages  of  the  ISM.  The  advantages  of  the  ISM  over  the  smaller  (1  to  2 technician) 

model  are  listed  in  tables  4-1  through  4-4. 


Table  4- 1.  Personnel  Parameters 


Characteristic 

Small  Model 

Intermediate  Model  (ISM) 

Quantity 

1 or  2 men 

3-20  men 
groups 
group  leader 

Categories/ 

primary/secondary  specialties 

type 

10  personnel  specialties  and 
cross  training 
command  echelon 
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Table  4- 1.  Personnel  Parameters  f Continued, ) 


1 1 

Characteristic 

Small  Model 

Intermediate  Model  (JSM) 

i 

i : 

Goals 

goal  aspiration 

aspiration 

leaders  expectation 

performance  adequacy 

| 

1 

Physical 

Attributes 

physical  workload 
motion  sickness 
hazard  (safety  index) 
sleep 

physical  incapability  (sickness) 
physical  workload 

Performance 

Attributes 

stress  and  stress 
thresholds 
cohesiveness 
individuality  (speed) 
factor 

competence 

fatigue 

pace 

stress  and  stress  threshold 
mental  load 

unmanned  station  hours 

Table  4-Z  Mission  Parameters 


Characteristic 

Small  Model 

Intermediate  Model  (ISM) 

Composition 

1-300  tasks 

200  events  per  day  of  30  types 

Duration 

minutes-hours 

hours  to  30  days 

mission  time  limit 

shifts 

Environment 

sea  state 

Elements 

essentiality 

essentiality 

(tasks) 

types  (joint, 

types  (scheduled,  emergency. 

equipment,  decision, 
cyclic) 

repair) 

precedence  (task  and 
time) 

precedence  (task  and  time) 

execution  time 

performance  time 

success/failure 

determination 

fixed  and  variable  event  times 

waiting,  idling 

mixed  and  variable  event  times 

success  probability 

touch  up  or  repeat 

time  remaining 

completion  time  limit 

I 
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Table  4-3.  Equipment  Parameters 


Characteristic 

Small  Model 

Intermediate  Model 

Quantity 

30  types 

Capability 

equipment  tasks 

failure  and  generation  of  re- 
pairs 

operator  initiated  failures 

Performance/ 

failure  rates 

Status 

up  time 
down  time 
performance  level 
consumables  levels 

Table  4-4.  Output  Measurements 


Characteristic 


Small  Model 


Intermediate  Model 


Mission  Effec-  mission  success 

tiveness  probability 

performance 
repetitions 
peak  stress  tasks 
mission  duration 


system  reliability  level 

system  performance  level 
equipment  performance  effi- 
ciency 

system  global  effectiveness  level 
consumables  balances 
equipment  and  human  MTBF  & 


MTTR 


Time  Utilization 


tasks  failed,  ignored 
average  time  used 
waiting  time 
average  time  overrun 
peak  and  average  stress 
number  of  tasks  and  las*  task 
completed 


success,  idle,  sleep,  repair 
no.  of  events,  success,  fail, 
ignore,  primary,  secondary 


Personnel 


goal  aspiration 
performance 
average  cohesiveness 


performance  adequacy 
physical  and  mental  load 
health  and  safety  indices 
performance 


Report  Frequency 


task,  mission,  iteration,  and  run 
summary 


event,  day.  mission  iteration, 
and  run  summary 


4,1.2  Flow  Logic  Sequencing.  Figure  4-1  provides  a summary  of  the  flow  logic  sequencing 

for  the  model.  The  detailed  logical  flow  diagram  of  the  model  is  presented  in  appendix  C.  Figure  4-1  is 
compatible  with  the  detailed  flow  chart  presented  in  appendix  C.  Key  points  in  the  model  are  identified 
by  circled  lowercase  letters  in  figure  4-1  and  in  the  flow  diagram  in  appendix  C;  the  point  identified  by  a 
particular  letter  in  figure  4-1  is  identical  to  the  point  identified  by  the  same  letter  in  appendix  C. 
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Figure  4- 1 (Shaat  4).  General  Flow  Logic  Diagram  of  Model 


Input  Data 


Each  item  of  input  dsta  including  other  working  variable*  in  the  input  aubroutine  ueed 
in  the  model  it  defined  in  table  4-5.  Table  4-5  give*  the  range  and  the  average  value*  for  each  input  data 
item  where  applicable.  The  "Remarks"  column  of  table  4-5  provide*  other  pertinent  data  *uch  as  the  unit 
of  measure  for  quantitative  items. 

Table  4-5.  Input  Data 


FORTRAN 

Description 

Range 

Average 

Remarks 

AASP 

Average  aspiration 

.5-1.0 

.9 

ACP 

Average  crew  pace 

5-1.5 

1.0 

ADUR 

Average  duration  of  scheduled  event 

.001-24 

— 

Time  in  hours 
hundreds 

APST 

Average  psychological  stress 
threshold 

2.0-2.6 

2.3 

ART 

Average  repair  time 

0-24 

- 

Time  in  hours 

.ASD 

Average  standard  deviation  of  repair 

0-999 

- 

ASDE 

Average  standard  deviation  of 
emergency 

0-24 

Time  in  hours 

BE 

Effectivity  of  stress 

.5-1.0 

.9 

Table  4-5  Input  Data  (Continued) 


FORTRAN 

Description 

Range 

Average 

Remarks 

CALRY 

Number  of  calories  required  by 

average  crewman  per  day 

2000-3500 

2750 

CN 

Catnap  length 

.1  to  2 

.3 

DTE 

Duration  time  of  emergencies 

0-24 

Time  in  hours 

DTR 

Duration  time  of  repairs 

0-24 

Time  in  hours 

EDCV 

Data  change  value 

0-10 

- 

EMREVT 

Emergency  event  data  set 

EQREVT 

Repair  event  data  set 

1C  LASS 

Class 

1-20 

IDES 

Description  array 

IDS 

Number  of  duty  shifts 

IEC 

Expected  energy  consumption 

0-1000 

250 

Calories  per  hour 

IECE 

Expected  energy  consumption  for 

100-1000 

250 

Calories  per  hour 

emergency 

IEDC 

Data  change  variable 

0-10 

-- 

IEFN 

Family  number 

1-20 

IESS 

Essentiality 

10-100 

IESS 

Emergency  essentiality 

0-100 

IET 

Essentiality  threshold 

0-99 

70 

IETYP 

Event  type  number 

0-20 

1FOI 

Event  number  in  family 

0-200 

IH 

Event  hazard  class 

1-9 

IHE 

Event  hazard  class  (emergency) 

1-5 

IND 

Printout  option  indicator  array 

0 or  1 

1 

INT 

Event  code 

1 or  2 

IPE 

Prerequisite  event 

0-200 

IQR 

Equipment  list 

1-10 

IRC 

Consumable  rate  of  expenditure 

0.9999 

- 

units/hours) 

IRCI 

Consumable  rate  of  expenditure 

(units) 

0-9999 

IRCE1 

Consumable  rate  of  expenditure 

(units)-emergencies 

0-9999 

IRE 

Number  of  repair  events 

0-200 

K1 

Physical  capacitation  fraction 

0-1.0 

.75 

K7 

Derating  constant 

.5-1.0 

.9 

KE 

Event  end  type 

1 or  2 

KON 

Initial  level  of  consumables 

(units/hours) 

KONI 

Initial  level  of  consumables  (units) 

0-9999 

KONT 

Threshold  consumables 

(units/hours) 

0-9999 

KONT1 

Threshold  consumables  (units) 

0-9999 

LOOM 

Mental  load 

1-9 

LODME 

Mental  load  for  emergency 

1-9 

MAXSL 

Maximum  sleep 

4-12 

8 

MEN 

Crew  composition  array 

0-10 

4-8 
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FORTRAN 

Description 

Range 

Average 

Remarks 

MP1 

Average  number  of  man  days  per 

incidence  of  physical 
incapacitation 

0-120 

30 

N 

Number  of  iterations 

1-999 

20 

ND 

Number  of  days 

1-100 

NDBE 

Number  of  days  between  emergencies 

0-1000 

NDMAX 

Maximum  number  of  days 

1-30 

5 

NDS 

Duty  shift 

NIF 

Number  of  family  + 

1-10 

NIQR 

Equipment  used  array 

1-10 

NOSE 

Number  of  scheduled  events 

1-200 

NREO 

Number  of  men  required  by  type 

0-10 

NREQE 

Number  of  men  required  by  type 

for  emergency 

NX 

Next  event  number  for  each 

alternative 

1-200 

PID 

Average  duration  of  physical 

incapacity 

0-30 

3 

Time  in  days 

PPFQ 

Percent  fully  qualified  in  primary 

specialty 

0-100 

25 

PPMQ 

Percent  moderately  qualified  in 

primary  specialty 

0-100 

50 

PPUQ 

Percent  unqualified  in  primary 

specialty 

0-100 

25 

PRB 

Probability  of  each  alternative  path 

0-1.0 

PTT 

Cross  training  probability  table 

0-1.0 

PWRRT 

Average  short  term  power  output 

200-500 

350 

Calories  expended 

RELH 

Equipment  reliability 

0-1000 

Time  in  days 

RELl 

Intermittent  reliability 

0*1.0 

RTU 

Repair  touchup  code 

1-3 

SESTA 

Sea  state 

0-9 

3 

S1GWT 

Standard  deviation  of  body  weight 

0-50 

15 

Deviation  in  pounds 

SLEEP 

Number  of  hours  since  last  eight 

hour  sleep  period 

0-20 

4 

SPFQ 

Percent  fully  qualified  in  secondary 

speciality 

0-100 

25 

SPMQ 

Percent  minimally  qualified  in 

secondary  specialty 

0-100 

50 

SPUQ 

Percent  unqualified  in  secondary 

speciality 

0-100 

25 

ST 

Earliest  starting  time  allowed 

0-24 

Time  in  hours 

TFAT 

Fatigue  threshold 

.10-.3S 

.25 

TL 

Time  limit  by  which  event  must  be 

Time  in  hours 

completed 

0-24 

TS 

Consumable  threshold  set  identifier 

(units/hours) 

0-9999 

TSI 

Consumable  threshold  set  identifier 

(units) 

0-9999 

4-9 
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Table  4-5.  Input  Date  (Continued)  ^ i 


FORTRAN 

Dmcription 

Range 

Avenge 

Remerkt 

TSE 

Threshold  set  for  consumables  below 

which  event  is  ignored  (units/hours) 

0-9999 

TSE1 

Threshold  set  for  consumables  below 

which  event  is  ignored  (units) 

0-9999 

TSR 

Threshold  set  for  consumables  below 

which  emergency  is  ignored 

(units/hours) 

0-9999 

TSR1 

Threshold  set  for  consumables  below 

which  emergency  is  ignored  (units^ 

0-9999 

TUI 

Intermittent  reliability 

0-1000 

Time  in  hours 

WORK1 

Number  of  hours  worked  after  which 

no  new  work  assignment  is  made 

4-20 

16 

WORK2 

Number  of  hours  worked  after  which 

no  new  work  is  authorized 

4-16 

10 

WT 

Mean  body  weight 

1-300 

ISO 

Weight  in  pounds 

%PC 

Physical  capability  constant 

0-100 

.25 

4.3  UMoftlMlSM 

The  model  is  designed  to  simulate  a complete  equipment  or  system  mission  or  cruise  „ j 
cycle.  The  input  data  is  used  to  simulate  system  operation,  operator  performance,  equipment  failure,  and 
the  performance  of  maintenance  technicians  during  repair  procedures.  The  procedure  for  using  this  model 
is  summarized  as  follows: 

• Perform  an  analysis  for  each  task  involved  in  the  complete  cycle  and  prepare  a 
sequentially  numbered  list  of  subtasks  for  each  task 

• Develop  other  input  data  as  outlined  in  table  4-S  and  fill  out  input  data  forms 
provided  in  appendix  D 

• Prepare  a “number  of  iterations"  card  (format  1) 

• Prepare  a Title  card  indicating  the  name  of  the  mission  being  simulated  (for- 
mat 2) 

• Prepare  a tape  input/number  of  days  card  (format  3) 

• Prepare  an  input  parameter  card  using  information  from  the  input  data  form  for 
card  format  4 

• Prepare  a personnel  data  card  using  the  input  data  form  for  card  format  S 

• Prepare  an  equipment  repair  data  card  using  the  input  data  form  for  card  format 
6 
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• Prepare  an  emergency  event  data  card  for  each  anticipated  emergency  event 
using  the  input  data  forms  for  card  format  7 

• Prepare  an  event  type  data  card  for  each  event  (from  task  analysis)  using  the 
input  data  forms  for  card  format  8 

• Prepare  a scheduled  event  sequence  data  card  for  each  scheduled  event  using 
the  input  data  forms  for  card  format  9 

• Assemble  the  card  deck  and  run  the  model 

4.3. 1 Task  Analysis.  A sequential  list  of  the  events  involved  in  the  simulated  mission  is 

required  for  the  computer  simulation,  lire  list  may  be  prepared  from  an  available  task  analysis  or  by 
consultation  with  individuals  knowledgeable  in  the  events  that  occur  during  a mission  such  as  the  one  being 
simulated.  When  all  of  the  events  have  been  identified,  it  is  very  helpful  to  prepare  a time-line  diagram  which 
schedules  the  events  over  the  duration  of  the  mission,  shown  in  figure  4-2.  The  time-line  diagram  must 
include  scheduled  task  performance  times  for  each  operator  or  technician  and  all  idle  or  waiting  time.  Each 
event  is  plotted  on  the  time  line,  from  the  start  of  the  mission,  talcing  all  relevant  factors  such  as  task 
interrelationships  into  account. 
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4.3.2  Input  Data  Forms.  The  input  data  forms  in  appendix  B show  the  formats  for  preparing  ' ' j 

input  data  for  card  punching.  The  nine  card  formats  used  in  the  model  are  listed  in  table  4-6.  In  the  NAME-  I < 

LIST  format,  data  are  punched  sequentially  in  card  columns  2 through  72  without  regard  for  column  j 

assignments.  A comma  separates  each  input  number.  Thus,  all  arrays  must  be  completed  with  zeros.  For 
example,  the  cross  training  probability  matrix  must  have  10  x 10  entries  even  in  the  case  that  there  are 
fewer  than  10  types  of  personnel  to  be  simulated. 

If  the  simulation  calls  for  more  than  one  iteration,  the  input  routine  dumps  all  input 
data,  except  for  the  parameters  and  personnel  data,  onto  a magnetic  tape.  This  tape  is  then  read  in  the  j 

subsequent  iterations.  A tape  created  in  this  fashion  can  be  used  to  supply  input  for  future  simulations.  , j 

I \ 

Table  4-6  Card  Formats  ' \ 

i 


Card  Format 

Type  of  Data 

1 

Number  of  iterations 

2 

Tide 

3 

Tai « input  and  number  of  days 

4 

Pat  e« 

5 

PetSx.  .el 

6 

Equipment  repair  events 

7 

Emergency  events 

8 

Event  type  data 

9 

Sequence  data 

4.33  Number  of  iterations.  The  “number  of  iterations’*  card  (card  format  I ) contains  only 
one  line  of  data  and  indicates  the  number  of  iterations  for  the  run. 

4.34  Title  card.  The  title  card  (card  format  2)  contains  one  line  of  data  punched  in  card 
columns  2 through  72  and  gives  the  name  of  the  mission  for  identification  purposes. 

4.3.5  Tape  Input/Number  of  Days  Card.  The  tape  input/number  of  days  card  (card  format 
3)  contains  two  lines  of  data.  The  first  line  is  used  to  select  tape  or  card  input  option.  When  the  data  has 
been  subsequently  run  on  the  model  and  the  simulation  calls  for  more  than  one  iteration,  the  input  routine 
dumps  all  input  data  except  parameters  (format  4)  and  personnel  data  (format  5)  onto  a magnetic  tape 
which  is  then  read  in  the  subsequent  iterations.  A tape  created  in  this  fashion  may  be  used  to  supply  input 
for  future  simulations  by  selecting  the  tape  option  (code  000  = card  option,  001  * tape  option).  The 
second  line  of  the  card  inputs  the  number  of  days  in  the  simulated  mission. 

4.3.6  Input  Parameter  Card.  The  input  parameter  card  (card  format  4)  must  be  punched 
exactly  in  accordance  with  the  format  4 input  data  forms,  presented  on  six  pages  in  appendix  B.  The 
input  data  items,  which  are  defined  in  table  4-5,  run  sequentially  across  the  card  columns  with  each  input 
data  item  separated  by  a comma,  without  regard  for  card  column  assignments.  All  arrays  must  be  completely 
filled  in;  if  a particular  item  is  not  applicable,  fill  in  the  array  with  zeros.  When  no  consumables  are  being 
simulated,  input  “1”  in  every  position  in  the  two  “initial  value"  arrays  and  input  zeroes  in  all  of  the  “con- 
sumable threshold"  arrays  shown  on  the  input  data  forms.  The  model  provides  for  monitoring  the  level  of 
up  to  10  selected  consumables,  which  may  be  monitored  on  a unit  expenditure  basis,  or  monitored  on  a 
rate  of  expenditure  (units  per  hour)  basis.  For  each  group,  a secondary  input  allows  specification  of  up  to 
10  threshold  levels  for  each  consumable.  The  specified  consumable  threshold  level  causes  the  model  to 
ignore  all  tasks  involving  a particular  consumable  when  the  value  of  that  consumable  drops  below  the 
specified  threshold  level  (except  for  repain  and  emergencies). 
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4.3.7  Personnel  Deta  Card.  The  personnel  data  card  (card  format  S)  must  be  punched 

exactly  in  accordance  with  the  two-sheet  format  5 input  data  form  shown  in  appendix  B.  The  input  data 
items,  which  are  defined  in  table  4-5,  run  sequentially  across  the  card  columns  with  each  item  separated  by 
a comma.  All  arrays  must  be  completely  filled  in.  Zeroes  must  be  used  for  all  items  that  are  not  applicable 
to  the  mission  being  simulated.  The  first  data  item  on  card  5 is  average  population  body  weight  (WT).  If  a 
specific  system  is  being  simulated  in  which  the  body  weights  of  its  personnel  are  known  to  differ  from 
those  of  the  general  population  or  the  general  military  population,  the  mean  weight  and  standard  deviation 
of  that  specific  system’s  manning  tables  become  the  input  data.  For  all  other  circumstances,  the  mean 
weight  and  standard  deviation  may  be  obtained  from  any  appropriate  anthropometric  tabulation  (e.g., 
Damon,  Stoudt,  & McFarland,  1966;  Webb,  1964;  Hertzberg,  Daniels,  & Churchill,  1950).  The  cross- 
training probability  table  provides  the  likelihood  values  of  a man  of  each  type  having  been  crossstrained 
in  each  secondary  specialty.  This  table  is  a 10  x 10  array  which  provides  for  the  input  up  to  10  primary 
and  10  secondary  specialties.  Table  4-7  is  an  example  of  a crosstraining  probability  matrix  for  9 specialties 
giving  the  probability  of  each  specialist  cross  training  into  each  of  the  other  specialties.  When  these  cross- 
training variables  are  printed  out  by  the  program  they  will  have  been  converted  to  the  cumulative  probabil- 
ity format  used  in  the  processing.  If  fewer  than  10  specialties  are  being  considered,  fill  in  the  remaining 
spaces  with  zeroes. 


Table  4-7  Personnel  Cross-training  Data 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

0 

0.30 

0.05 

0 

0.30 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

Radar/ sonar 

2 

0.20 

0 

0 

0 

0.25 

0.05 

0 

0 

0.03 

0 

0 

0 

0 

0 

Electronics 

technician 

3 

0.20 

0.05 

0 

0 

0.05 

0 

0 

0.05 

0.03 

0 

0 

0 

0 

0 

Nuclear  reactor 
technician 

4 

0.05 

0 

0 

0 

0 

0 

0.10 

0 

0.03 

0 

0 

0 

0 

0 

Steam  fitter 

5 

0.20 

0.50 

0 

0 

0 

0 

0 

0.10 

0.03 

0 

0 

0 

0 

0 

Electricians  mate 

6 

0.10 

0.30 

0 

0 

0.30 

0 

0 

0 

0.03 

0 

0 

0 

0 

0 

Gunners  mate 

7 

0.10 

0.01 

0.02 

0.08 

0.02 

0.10 

0 

0 

0.03 

0 

0 

0 

0 

0 

Boatswains  mate 

8 

0.05 

0 

0 

0 

0 

0 

0 

0 

0.20 

0 

0 

0 

0 

0 

Pharmacists  mate 

9 

0.05 

0 

0 

0 

0 

0 

0.05 

0 

0 

0 

0 

0 

0 

0 

Cook/baker 

438  Equipment  Repair  Data  Cards.  An  equipment  repair  data  card  (card  format  6)  may 

be  prepared  for  each  equipment  repair  family  identified  in  the  task  analysis.  Repair  event  families  are 
divided  into  four  categories  as  shown  in  table  4-8,  with  eight  event  families  in  each  category.  Each  event 
family  is  further  subdivided  into  subevents.  The  model  is  limited  to  12  subevents  per  repair  event  family. 
(Subevents  under  scheduled  non-repair  event  families  are  unlimited  in  number.) 


4.39  Emergency  Event  Cards.  An  emergency  event  data  card  (card  format  7)  must  be 

prepared  for  each  type  of  anticipated  emergency  event.  The  cards  must  be  punched  exactly  in  accordance 
with  the  format  7 input  data  form  presented  in  appendix  D.  The  input  data  items,  which  are  defined  in 
table  4-5,  are  punched  sequentially  across  the  card  columns,  with  each  input  data  item  separated  by 
commas,  without  regard  for  card  column  assignments.  There  is  no  limit  on  the  number  of  emergencies 
which  may  be  simulated  each  simulated  day. 
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Tabta  4-9  Rapair  Evant  Codas 


I 

1 

! 


t 


i 

I 


Repair  Events 

Cot 

Number 

e 

FORTRAN 

Electronic 

Uses  reference  manuals 

6 

EURM 

Electronic  cognition 

7 

EC 

Electronic  circuit  analysis 

8 

ECA 

Electronic  repair 

9 

ER 

Electronic  equipment  operation 

10 

EO 

Electronic  equipment  inspection 

11 

EIP 

Electronic  instruction 

12 

El 

Electronic  report 

13 

ERPT 

Electrical 

Uses  reference  manuals 

14 

ELURM 

Electrical  cognition 

15 

ELC 

Electrical  analysis 

16 

ELA 

Electrical  repair 

17 

ELR 

Electrical  equipment  operation 

18 

ELO 

Electrical  equipment  inspection 

19 

ELEP 

Electrical  instruction 

20 

ELI 

Electrical  report 

21 

ELRPT 

Electro-mechanical 

Uses  reference  manuals 

22 

EM  RUM 

Electro-mechanical  cognition 

23 

EMC 

Electro-mechanical  analysis 

24 

EMA 

Electro-mechanical  repair 

25 

EMR 

Electro-mechanical  equipment  operation 

26 

EMO 

Electro-mechanical  equipment  inspection 

27 

EME1 

Electro-mechanical  instruction 

28 

EMI 

Electro-mechanical  report 

29 

EMRPT 

Mechanical 

Uses  reference  manuals 

30 

MURM 

Mechanical  cognition 

31 

MC 

Mechanical  analysis 

32 

MA 

Mechanical  repair 

33 

MR 

Mechanical  equipment  operation 

34 

MO 

Mechanical  equipment  inspection 

35 

ME1 

Mechanical  equipment  instruction 

36 

Ml 

Mechanical  report 

37 

MRPT 
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4.3.  tO  Evant  Typa  Cards.  An  event  type  data  card  (card  format  8)  must  be  prepared  for  each 

type  of  event  scheduled  for  the  mission.  Input  codes  are  given  in  the  input  data  form  presented  in  appendix 
B.  Additional  information  about  the  event  type  input  data  items  is  provided  in  table  4-5. 


4.3 1 1 Schadulad  Evant  Saquanca  Cards.  A scheduled  events  title  card  (card  format  9)  must 

be  prepared  for  each  iteration.  The  remaining  scheduled  events  data  shown  on  the  format  9 input  data  form 
must  be  punched  on  a separate  card  for  each  scheduled  event. 
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§ 4.3 12  Card  Deck  Assembly.  Assemble  the  card  deck  as  shown  in  figure  4-3.  The  input  data 

> cardr  are  arranged  in  numerical  sequence  with  multiple  event  data  cards  of  the  same  type  arranged  accord- 

ing  to  the  time  sequence  in  which  they  are  to  occur  in  the  simulation. 

f 4.4  Results  of  Computer  Simulation 

% The  ISM  produces  a variety  of  output  data  which  are  recorded  on  magnetic  tape  for 

subsequent  printout  on  a high  speed  printer.  The  printouts  available  are  listed  and  described  in  table  4-9. 
The  model  provides  printouts  of  the  input  data  for  verification. 


Table  4-9  Simulation  Model  Outputs 


Type 

Type  of  Printout 

Frequency 

Purpose 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

Parameters 

Personnel  data 

Equipment  & repair  events 
Emergencies 

Event  type 

Start  on  mission  crew  data 
Failure/emerg.  occurrences 
Scheduled  event  sequence 

Detail  events 

End  of  day  report 

End  of  iteration  report 

Run  summary 

per  run 
per  run 
per  run 
per  run 
per  run 
per  iteration 
per  iteration 
per  day 
per  event 
per  day 
per  iteration 
per  run 

Input  verification 

Input  verification 

Input  verification 

Input  verification 

Input  verification 

Crew  rating  data 

Simulated  emergency  data 
Sequential  listing  of  events 

Various  output  printouts  are  available  to  present  the  results  of  the  simulation.  Recording  and  subsequent 
printout  options  are  selected  by  the  input  data  punched  on  card  format  4,  the  input  parameters  card.  The 
print  options  are  given  in  table  4-10. 


Table  4- 10  Printout  Options 


Printout  Description 

FORTRAN 

Input  Codes  ] 

1 

0 

Parameter  input  data 

IND(l) 

Print  all  input  data 

Print  parameter  data  only 

Personnel  input  data 

1ND(1) 

Print  all  input  data 

Print  parameter  data  only 

Equipment  and  repair  event 

input  data 

IND(l) 

Print  all  input  data 

Print  parameter  data  only 

Emergency  event  input  data 

IND(l) 

Print  all  input  data 

Print  parameter  data  only 

Event  type  input  data 

IND(l) 

Print  all  input  data 

Print  parameter  data  only 

Start  of  mission  crew  data 

IND  (2) 

Print 

Don't  Print 

Occurences  of  failures 

and  emergencies 

IND  (3) 

Print 

Don’t  Print 

Scheduled  event  sequence 

IND  (4) 

Print 

Don’t  Print 

Detail  events 

IND  (5) 

Print 

Don’t  Print 

End  of  day  report 

IND  (6) 

Print 

Don’t  Print 

End  of  iteration 

IND  (7) 

Print 

Don’t  Print 

Run  Summary 

- 

No  option 

No  option 
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4.4.  / /npuf  Oats  Printouts.  Printouts  of  the  input  data  are  provided  to  allow  the  operator 

to  verify  source  data.  The  following  input  data  printouts  are  available: 

• Parameters-The  parameters  printout  (figure  44)  provides  a listing  of  the  input 
parameter  data  from  card  format  4. 

• Personnel  Data-The  personnel  data  printout  (figure  4-5)  provides  a listing  of  the 
input  personnel  data  from  card  format  S. 

• Equipment  and  Repair  Events- The  equipment  and  repair  events  printout  (figure 
4-6)  provides  a listing  of  the  input  event  data  from  card  format  6. 

• Emergency  Event  Data-The  emergencies  printout  (figure  4-7)  provides  a listing  of 
the  input  emergency  event  data  from  card  format  7. 

• Event  Type-The  event  type  printout  (figure  4-8)  provides  a listing  of  the  input 
event  type  data  form  card  format  8. 

4.4.2  Start  of  Mission  Crew  Data.  The  start  of  mission  crew  data  printout,  figure  4-9,  com- 
bines the  crew  input  data  from  the  parameter  and  personnel  input  cards  and  provides  a detailed  listing  of 
crew  conditions  as  they  exist  at  the  start  of  the  simulated  mission.  The  last  line  of  the  listing  shows  average 
values  which  the  model  computes  for  the  total  crew. 

4.4.3  Failure  and  Emergency  Occurrences.  The  failure  and  emergency  occurrences  printout, 
figure  4-10  (print  option  3),  provides  the  simulated  occurrence  of  the  emergency  events  from  format  7.  The 
printout  shows  the  first  day  in  which  each  type  of  failure  or  emergency  event  will  occur  during  the  mission. 
The  printout  also  shows  the  sea  state  at  the  start  of  the  mission  and  the  amount  of  personnel  degradation 
resulting  from  sea  sickness. 

4.4.4  Scheduled  Event  Sequence.  The  scheduled  event  sequence  data  printout  provides  the 
information  pertinent  to  the  occurrence  of  events  scheduled  for  the  simulated  mission.  The  scheduled  events 
shown  in  figure  4-1 1 are  divided  into  event  type  families,  identified  by  numbers  in  the  second  column  of 
the  printout.  If  the  event  involves  the  use  of  consumables,  information  about  the  applicable  consumables  is 
provided  in  the  next  two  columns  (the  threshold  level  and  the  number  of  units  required  for  the  event).  The 
fisting  indicates  the  next  event  to  be  started  after  completion  of  each  event  (next  event  and  probability)  the 
event  that  must  be  completed  before  a particular  event  can  be  started  (precedent  event),  the  time  after  the 
beginning  of  the  mission  that  the  event  should  be  started  (start  time),  the  time  within  the  event  must  be 
completed  (time  limit),  and  the  code  for  events  not  successfully  completed  on  the  first  try:  code  1 = Repeat, 
code  2 = touch-up,  code  3 = go  to  next  event. 

4.4.5  Detail  Events.  If  the  option  to  record  detailed  event  results  is  taken  (print  option  S, 
1ND  (5)  = 1),  the  results  are  recorded  and  printed  for  analysis.  Included  in  the  printout  are  the  following 
results  for  each  event:  successful/unsuccessful,  men  available,  start  time  allowed,  prior  event  requirements 
time  finished,  event  start  time,  event  duration,  event  end  time,  unmanned  hours,  group  stress,  physical 
capability,  pace,  aspiration,  performance  adequacy,  hazard,  consumables  used  and  remaining,  men  on  the 
job,  and  each  man’s  fatigue,  physical  capacity,  hours  worked  (cumulative),  calories  expended  on  this  task, 
calories  expended  (cumulative)  hours  since  sleep,  idle  hours,  hours  slept,  cumulative  performance,  and 
aspiration,  as  shown  in  figure  4-12. 

The  printout  for  each  event  performed  is  concluded  with  data  on  each  man  who  was 
assigned  to  the  event.  Here,  an  asterisk  in  the  LDR  column  identifies  the  work  group  leader. 
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Figure  4-4.  Sampb  of  Parameter  Output  Format 
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Figure  4-6.  Sample  of  Equipment  and  Repair  Event  Output  Ft 


Figure  4-7.  Srnnph  of  Emergency  Event  Output  Forme t 


Figure  4-8.  Sample  of  Event  Type  Output  Data  Format 


Figure  4- 10.  Sample  of  Occurrences  of  Failures  and  Emergencies  Output  Format 
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<4.5  End  of  Day  Reports.  If  the  option  to  print  end-of  day  results  is  taken  (print  option  6, 

IND  (6) » 1),  the  summarized  results  of  the  day  just  simulated  are  recorded  for  printout  on  the  computer's 
high  speed  line  printer.  Figure  4-13  shows  a sample  tabulation.  The  first  section  provides  summarized  event 
and  status  information  for  the  overall  crew  performance.  Most  of  the  headings  shown  are  self  explanatory. 
All  times  are  given  in  hours.  The  AVG  PERF  ADEQ  (average  preformance  adequacy,  third  line)  is  a mean 
of  the  performance  adequacy  value  of  all  events  performed.  The  AVG  FAIL  D1FF  (average  failure  dif- 
ference) is  a mean,  taken  only  for  failed  events,  indicating  the  difference  between  performance  adequacy 
(PA)  and  the  required  performance  level,  CASP(LI)  • K7.  The  second  lection  shows  important  data  sum- 
marized by  man.  These  results  are  either  totals  for  all  daily  activity  (hours  worked,  slept,  idle,  number  of 
events  successfully  performed),  or  represent  end-of-day  conditions  (fatigue,  aspiration,  competence). 
Averages  for  all  of  the  elements  in  the  second  section  follow  the  individual  crew  member  summaries  and 
represent  daily  summaries  for  simulated  variables  for  the  member  summaries  and  represent  daily  summaries 
for  simulated  variables  for  the  day.  These  summaries  include:  the  total  number  of  events  scheduled,  events 
worked,  repair  events,  emergency  events,  repeated  events,  successes,  failures  and  ignores,  total  hours 
worked,  time  spent  on  scheduled  and  repair  and  emergency  events,  unmanned  station  hours,  average  per- 
formance adequacy,  average  failure  difference  percentage  of  tasks  failed  and  succeeded  on  first  try,  per- 
centage of  tasks  succeeded  on  second  try,  and  percentage  of  tasks  ignored  and  repeated.  Also,  presented 
are:  the  safety  index,  competence  increase,  confidence,  hazard,  consumable  balances,  maximum  stress  and 
on  which  event,  maximum  mental  load  and  on  which  event,  maximum  calories  expended  and  on  which 
event.  A summary  table  is  presented  including  for  each  man  his  physical  capacity,  hours  worked  in  primary 
specialty,  hours  worked  in  secondary  specialty,  hours  slept,  hours  idle,  fatigue  level,  health  index,  average 
physical  workload,  competence,  aspiration,  performance  (cumulative)  and  number  of  successes.  Each  of 
these  variables  is  also  averaged  across  the  entire  crew.  A summary  table  of  these  variables  is  also  presented 
by  type  of  man. 

Eleven  reliability  related  variables  are  also  summarized  in  the  end-of-day  printout. 
These  are:  Human  Reliability  (HR),  Human  Availability  (HA),  Human  Mean  Time  to  Repair  (HMTTR), 
Equipment  Reliability  (ER),  Equipment  Availability  (EA),  Equipment  Mean  Time  Between  Failures 
(EMTBF),  Equipment  Mean  Time  to  Repair  (EMTTR),  System  Reliability  (SR),  System  Availability  (SA), 
and  System  Mean  Time  to  Repair  (SMTTR). 
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These  same  items  are  given  in  the  third  section  of  the  each  of  day  recording  as  a mean 
by  type  of  man,  where  type  is  generally  synonymous  with  work  specialty. 

4.4.7  End  of  Iteration  Reports.  If  the  option  to  print  end  of  iteration  reports  is  taken 

(print  option  7,  IND  (7)  * 1),  the  summarized  results  each  iteration  are  recorded  for  printout.  Figure  4-14 
shows  a sample  tabulation.  The  resulting  printout  contains  such  summary  items  as:  number  of  events  suc- 
cessful on  first  and  second  try,  number  of  events  failed  and  ignored,  average  man  hours  spent  in  primary 
specialty,  in  secondary  specialty,  hours  spent  sleeping  and  hours  idle,  consumables  remaining,  averages  of 
physical  load,  mental  load,  competence,  average  performance  adequacy,  average  fatigue,  average  aspiration, 
average  health,  and  average  safety.  Each  of  these  variables  is  also  summarized  as  percentage  of  total,  average 
per  day,  or  percentage  of  original,  whichever  is  appropriate.  Summary  by  day  (including  an  average  across 
days)  includes:  number  of  repair  or  emergency  events,  average  man  hours  spent  doing  repairs  or  handling 
emergencies,  maximum  stress,  maximum  mental  load,  confidence,  hazard,  average  failure  difference, 
number  of  successes  and  unmanned  hours.  A summary  table  by  day  and  man  type  is  provided  for  the  fol- 
lowing variables:  physical  capability,  hours  spent  on  primary  and  secondary  specialties,  sleep  time,  idle 
time,  fatigue,  health  index,  average  physical  work  load,  competence,  aspiration,  cumulative  performance, 
and  number  of  successes.  Averages  for  these  variables  across  types  by  day  are  also  provided. 

Reliability  metrics  provided  at  the  end  of  each  iteration  are  human  mean  time  between 
/allure  (HMTBF),  equipment  mean  time  between  failure  (EMTBF),  human  mean  time  to  repair  (HMTTR), 
equipment  mean  time  to  repair  (EMTTR),  human  availability  (HAVAIL),  and  equipment  availability 
(EAVAILL).  A composite  reliability  metric  system  availability  (SYSAVAIL)  is  also  provided. 
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REPORT  FOR  DAT  l.  ITERATION  t 

NO.  EVENTS-  * TO  I AL  ERA  SCHEDULED  14A  REPAIR  J EHEHCENCT  1 REPEATS  A SUCCESSES  160  IAII.URFS  0 I'.NORE 
HOURS  RORNED---T0TAI.  E(.S  SCHEDULES  FA’.T  REPAIR  ?.'»  6HER.  ?.»  UNMANNED  S.T  A*r.  PERT  A0EO  0.0?  **C  l»|i  Dt>' 

PERCCNTA8E  OF---FAILURE  ».  SUCC.  iST  TRT  »1 . J SUCC.  /NO  TRr  0,  ICNURkn  R.T  REPEATS  0. 

SAFEST  INDEX  I ,fR  RENTAL  LOAD  0,40  PI  RF  fir  1.0*4  HA7  AHO  97 , EQUIPMENT  REPAIR  I IRE 


Figure  4- 13.  Sample  of  End  of  Day  Output  Format 


Figure  4 - 14.  Samp/0  of  End  of  Iteration  Output  Format 
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4.4.8  Run  Summary.  After  each  mission  iteration,  the  model  instructs  the  computer  to 

make  a check  to  determine  whether  ail  required  iterations  have  been  completed,  if  not,  the  process  con 
! tinues  to  the  next  iteration.  If  all  scheduled  iterations  have  been  completed,  the  results  of  all  iterations 

are  summarized.  The  run  summary  tabulation  (as  shown  in  figure  4-1 S)  is  presented  in  a form  similar  to  the 
iteration  summary. 


4.5  U»  of  Simulation  Data 

The  simulation  model  is  used  to  measure  system  and  personnel  effectiveness  for  a 
given  set  of  parameters,  or  to  measure  the  result  of  changes  in  variable  input  items.  Examples  are  provided 
in  the  following  paragraphs  showing  the  effects  of  changes  in  input  values  for: 

|;  ' ] 

• Workday  length  and  proficiency 

• Average  crew  pace 

• Sea  state 

• Crew  size 

The  nominal  input  values  for  these  parameters  are  shown  in  table  4-1 1.  The  matrix  shown  in  table  4-7 
was  used  in  the  assignment  of  personnel  crosstraining  probabilities.  This  matrix  presents  the  probability  of 
a personnel  type  with  a given  primary  specialty  being  crosstrained  in  a given  secondary  specialty  (the 

values  in  this  matrix  were  used  by  Applied  Psychological  Services  (APS)  to  validate  the  model).  The  exam-  j 

pies  presented  in  the  following  paragraphs  are  based  on  the  results  of  simulation  model  sensitivity  tests  i 

performed  by  APS,  in  which  selected  input  parameters  were  varied  to  measure  the  resulting  changes  in  j 

system  effectiveness.  The  parameters  tested  are  shown  in  table  4-12  and  the  tests  are  described  in  the  ; j 

following  paragraphs.  • 


Table  4-11  "Standard"  Parameter  Set  Run  Conditions 


Parameter  FORTRAN  Value 


Average  psychological  stress  threshold 

APST 

2.30 

Workday,  assignment  limit 

WORK  I 

varied 

Workday,  maximum 

WORK  2 

22.00 

Hours  since  last  sleep  at  start 

SLEEP 

1.00 

Catnap  threshold 

CN 

1.00 

Maximum  sleep  permitted  per  day 

MAXSL 

8.00 

Fatigue  threshold 

TFAT 

0.25 

Average  crew  pace 

ACP 

varied 

Average  daily  calories  per  crew  member 

CALRY 

2700.00 

Li, 


J 
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Table  4-11  “Standard”  Parameter  Set  Run  Conditions  I Continued I 


Parameter 

FORTRAN 

Value 

Average  short  term  power  rate  (ca]s/hr) 

PWRRT 

440.00 

Acceptable  performance  constant 

K7 

1.00 

Work  factor  constant 

K1 

0.95 

Consumable  levels:  (units/hr) 

K0N(1) 

15150.00 

KON(2) 

10000.00 

KQN(3) 

6000.00 

KON(4) 

500.00 

KON(5) 

500.00 

KON(6) 

500.00 

KON(7) 

500.00 

KON(8) 

500.00 

K0N(9) 

500.00 

KON(10) 

500.00 

Consumable  levels:  (units) 

KONl(l) 

100.00 

KONl(2) 

100.00 

KONl(3) 

100.00 

KONl(4) 

100.00 

KONl(S) 

100.00 

KONl(6) 

100.00 

KONl(7) 

100.00 

K0N1(8) 

100.00 

KONl(9) 

100.00 

KONl(lO) 

100.00 

Initial  aspiration  level 

AASP 

0.85 

Number  of  iterations 

N 

5.00 

Essentiality  threshold 

IET 

0.30 

Sea  state 

SESTA 

varied 

Personnel  Data 

FORTRAN 

Value 

Mean  body  weight  of  total  population 

WT 

160.50 

Standard  deviation  of  population  body  weight 

S1GWT 

20.00 

% crew  fully  qualified  in  prime  specialty 

PPFQ 

varied 

% crew  minimally  qualified  in  prime  specialty 

PPMQ 

varied 

% crew  unqualified  in  prime  specialty 

PPUQ 

varied 

% crew  fully  qualified  in  second  specialty 

SPFQ 

varied 

% crew  minimally  qualified  in  second  specialty 

SPMQ 

varied 

% crew  unqualified  in  second  specialty 

SPUQ 

varied 

Avg.  N man  days  between  physical  incapacitations 

MPI 

5.00 

Avg.  duration  of  incapacity  (days) 

PID 

5.00 

Physical  capability  constant,  a value  yielding  zero 

Physical  capability  due  to  over  exertion 

ZPC 

2.00 

Number  of  men  by  type 

MEN(1CE,  NI) 

varied 
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Table  4-  >2  Sensitivity  Test  Runs 


Parameters  Varied 

fen 

fett  F 

Lun 

Comparison 

1 

2 

3 

EM 

U 

EM 

7 

Workday  length  (hours) 

18 

18 

18 

12 

12 

12 

18 

Average  vs.  long  workday 

Primary  proficiency 

1 . Percent  fully  qualified 

0 

0 

0 

90 

90 

90 

0 

High  proficiency  vs. 

2.  Percent  minimally  qualified 

10 

10 

10 

10 

10 

10 

>0 

low  proficiency  crew 

3.  Percent  unqualified 

90 

90 

90 

0 

0 

0 

90 

Secondary  proficiency 

1 . Percent  fully  qualified 

0 

0 

0 

90 

90 

90 

0 

High  proficiency  vs. 

2.  Percent  minimally  qualified 

10 

wm 

10 

10 

10 

10 

10 

low  proficiency  crew 

3.  Percent  unqualified 

90 

y 

90 

0 

0 

0 

90 

Average  crew  pace 

1.0 

. 

1.0 

1.0 

1.0 

1.0 

1.25 

Average  vs.  slow  crew 

Sea  state 

H 

H 

0 

0 

i 

0 

0 

Calm  vs.  rough  seas 

Crew  size 

El 

[ 9 j 

9 

14 

1 

9 

9 

Large  vs.  small  crew 
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4&  1 Workday  Length  and  Proficiency  Variations.  One  of  the  many  uses  of  the  model  can 

be  phrased  symbolically  as: 


AO  Bsr  COD 

That  is,  the  occurrence  of  conditions  A and  B is  approximately  equivalent  to  conditions  C and  D (in  terms 
of  some  criterion  such  as  number  of  successful  events).  For  example,  an  analyst  might  be  interested  in 
determining  whether  a crew  of  lesser  proficiency,  given  more  time  to  work,  would  perform  as  well  as  a crew 
of  greater  proficiency  given  less  time.  This  type  of  analysis  is  illustrated  in  the  sensitivity  tests  reported 
here.  In  this  aspect  of  the  sensitivity  tests,  proficiency  and  workday  length  were  varied  concurrently.  Table 
4-13  presents  the  workday  length-proficiency  parameter  combinations  investigated. 

Parameter  sets  2 and  3 include  a long  work  day  with  a crew  of  low  proficiency,  while 
parameter  sets  3 and  6 include  a short  work  day  with  high  proficiency.  Comparisons  between  the  results 
from  parameter  sets  2 and  $ and  between  parameter  sets  3 and  6,  accordingly,  provide  the  desired  data. 


Figures  4-16,  4-17  and  4-18  present  the  simulation  output  resulting  from  the  workday 
length-proficiency  variation.  The  first  of  these  figures  indicates  an  increase  in  the  average  physical  workload 
with  tire  shorter  workday-higher  proficiency.  For  parameter  set  2 in  comparison  with  parameter  set  S,  as 
well  as  for  parameter  set  3 in  comparison  with  parameter  set  6,  the  increase  amounted  to  better  than  25 
percent.  It  Is  possible  that  the  faster  crew  has  to  work  harder  during  the  shorter  time  period  allotted  to 
them  to  complete  the  day’s  work  and  that  their  greater  proficiency  does  not  offset  the  necessary  increase 
in  physical  labor.  Parameter  sets  3 and  6 indicated  a much  greater  degree  of  physical  load  than  the  param- 
eter sets  2 and  S.  This  result  probably,  as  has  been  noted  earlier,  reflects  the  greater  number  of  events 
ignored  under  advene  weather  conditions. 
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Tabk  4-13.  Workday  Lmgth  md  firoffchney  Parameter  Votum 
for  Parameter  Sett  Z 3, 5,  and  6 


Parameter  Set 


Parameter* 

2 and  3 

S and  6 

Workday  length  (houn) 

18 

12 

Primary  proficiency 

Percent  fUUy  qualified 

0 

90 

Percent  minimally  qualified 

10 

10 

Percent  unqualified 

90 

0 

Secondary  proficiency 

Percent  tally  qualified 

0 

90 

Percent  minimally  qualified 

to 

10 

Percent  unqualified 

90 

0 

Sea  etate 

2 1 

1 1 

9 0 

9 0 

Crew  die 

9 9 

9 9 
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Figure  4-16  proeenU  the  effects  on  event  tuccen  end  Mute  percentages  as  the  result 
of  the  workday  length-proficiency  variation.  The  percentage  of  event  suoess  increased  dramatically  for  the 
higher  proficiency  crews.  Analogously,  percentage  of  event  failure  decreased  with  the  increase  in  proficiency. 
While  the  shorter  workday  would  probably  have  an  effect,  in  and  of  itself,  prior  results  with  an  earlier 
version  of  this  model  (Siegel,  Wolf,  A Cosentino,  1971)  suggest  that  the  large  variations  obaerved  in  event 
success  and  failure  is  primarily  a function  of  the  variation  in  proficiency. 

Figure  4-17  presents  the  effect  of  varying  the  workday  length  and  proficiency  on 
average  end-of-mission  fatigue.  No  effect  is  indicated  for  the  comparison  of  parameter  eats  2 and  S.  For 
parameter  set  3,  compared  with  parameter  set  6,  a drop  of  approximately  .07  in  fatigue  was  indicated  in  the 
higher  proficiency  shorter  workday  combination.  Coupled  with  the  results  presented  in  figure  4-18,  this 
suggests  that  while  the  average  physical  load  may  increase  because  of  the  shorter  workday,  foe  fatigue  level 
at  the  end  of  the  day  has  actually  been  depressed.  The  higher  average  fatigue  for  parameter  sets  3 and  6 is, 
once  again,  probably  reflective  of  the  large  number  of  events  ignored  during  adverse  weather 

4.5.2  Amwf  Crew  Pace  Variation*.  Figure  4-19  shows  foe  effect  of  varying  average  crew 

pace  on  event  success  and  failure  for  parameter  sets  3 and  7.  The  percentage  of  events  failea  increased  and 
the  percentage  of  events  successfully  completed  decreased  as  the  average  pace  of  foe  simulated  crew 
decreased.  Hie  percentage  of  events  foiled  as  a result  of  a 25  percent  decrease  in  average  crew  pace  (defined 
at  a slow  crew)  increased  approximately  13  percent,  and  the  percentage  of  events  successfully  completed 
approximately  8 percent. 
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4.5.3  Variations  in  Saa  State.  The  effect  of  variations  in  sea  state  on  the  model's  output  is 

illustrated  in  a comparison  of  the  simulation  results  from  parameter  sets  2 and  3,  and  parameter  sets  5 and 
6.  Parameter  sets  2 and  3 are  characterized  by:  long  workdays,  low  proficiency  crews,  average  crew  pace, 
and  small  crews.  Parameter  sets  5 and  6 are  characterized  by:  short  workdays,  high  proficiency  crews, 
average  crew  pace,  and  small  crews.  Parameter  sets  2 and  5 have  sea  state  values  equal  to  9 (rough  seas) 
while  parameter  sets  3 and  6 have  sea  state  values  equal  to  0 (calm  and  glassy)  seas. 

The  effects  of  variation  in  the  sea  state  parameter  are  shown  in  figures  4-20, 4-21,  and 
4-22.  Figure  4-20  shows  the  effect  of  sea  state  variation  on  the  average  failure  difference.  As  anticipated, 
both  parameter  sets  indicated  a larger  margin  between  actual  and  acceptable  performance  (the  failure 
difference)  for  the  rough  sea  state  condition.  The  larger  failure  differences  observed  for  parameter  set  2 
as  compared  with  parameter  set  3 suggest  that,  according  to  the  model,  a lower  proficiency  crew  working  a 
longer  worker  day  will  suffer  a significant  performance  degradation  in  rough  seas  and  that  this  degradation 
is  higher  than  for  the  short  workday,  high  proficiency  crews. 

Figure  4-21  presents  the  effects  on  the  percentage  of  events  successfully  completed  or 
failed  as  a function  of  difference  In  sea  state.  Percentage  of  failure  appears  to  increase  significantly  with 
adverse  weather  conditions.  The  effects  on  percentage  of  success  appear  to  have  been  greatest  in  the  com- 
parison of  parameter  set  2 with  parameter  set  3.  Here,  a 14  percent  decrease  was  indicated.  The  slight 
increase  in  percentage  of  successful  events  observed  for  parameter  set  5 as  compared  with  parameter  set  6 
(adverse  weather  conditions)  (4  percent)  is  consistent  with  the  prior  indication  of  the  model  that  higher  pro- 
ficiency crews  working  shorter  workdays  are  less  affected  by  the  sea  state. 
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Figure  4-22  presents  the  effects  of  varying  sea  state  on  average  performance  adequacy 
(APA).  Both  parameter  sets  am  in  agreement.  Each  indicates  a decrease  in  APA  with  increasing  weather 
turbulence.  Also,  as  predicted,  the  better  crew  (higher  proficiency)  of  parameter  sets  S and  6 demonstrated 
higher  APA.  In  summary,  it  appears  from  the  average  failure  difference,  percentage  success/failure,  and 
average  performance  adequacy  data  that  the  model  yields  results  which  am  directionally  sensitive  in  the 
anticipated  direction  when  the  new  sea  state  variable  is  implemented. 


4.S.4  Crow  Sin  Variations.  The  results  from  parameter  set  1 versus  2 and  4 versus  6 repre- 

sent the  effects  of  variations  in  crew  size  on  the  completion  of  the  events  in  the  simulated  day’s  work. 
Parameter  sets  2 and  6 include  crew  sizes  of  9 men,  while  parameter  sets  1 and  4 are  rimuUtinm  of  crews 
with  14  men.  Parameter  sets  1 and  2 both  involve:  long  workdays,  low  proficiency  crews,  average  crew 
pace,  and  rough  seas.  Parameter  sets  4 and  6 both  include:  short  workdays,  high  proficiency  crews,  average 
crew  pace,  and  calm  seas. 

Figures  4-23, 4-24, 4-25,  and  4-26  present  the  effects  of  crew  size  variation  on  selected 
simulation  output.  Figure  4-23  indicates  an  increasing  percentage  of  tasks  successfully  completed  with 
increasing  crew  size  for  both  comparisons.  The  percentage  of  tasks  failed  decreased  from  71 .2  to  6S.9  with 
increasing  crew  size  for  parameter  sets  1 and  2,  while  the  percentage  of  tasks  failed  for  parameter  sets  4 and 
6 remained  relatively  constant.  The  effects  of  crew  size  variation  on  task  performance  accordingly  seems  to 
have  had  its  greatest  impact  on  the  percentage  of  tasks  successfully  completed.  Task  success  percentage  in- 
creased approximately  10  percent  for  parameter  sets  1 and  2 (less  than  optimal  conditions)  and  approxi- 
mately IS  percent  for  parameter  sets  4 and  6 (with  more  optimal  conditions).  Increases  in  the  number  of 
events  failed  with  smaller  crews  seems  to  be  coupled  with  less  than  optimal  conditions.  Large  simulated 
crews  were  more  able  to  handle  the  increased  workload. 
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Figure  4-24  indict  tee  that  more  idle  houn  and  less  work  by  crew  members  in  their 
primary  proficiency  accompanies  larger  crew  sizes.  Idle  time  was  bout  20  percent  greater  for  parameter 
set  1 as  compared  with  parameter  set  2 and  about  10  percent  greater  for  parameter  set  4 at  compared  with 
parameter  set  6.  The  decrease  hi  time  worked  in  primary  specialty  is  reflective  of  the  general  decrease  in 
work  time  per  crew  man  with  increasing  crew  size. 

Figure  4-25  shows  the  effect  of  crew  size  on  average  physical  workload.  Increasing  the 
size  of  the  crew  results  in  a simulation  output  which  indicated  less  physical  workload  per  crew  member. 
The  difference  in  workload  between  parameter  sets  1 and  2 (less  than  optimal  conditions)  and  parameter 
sets  4 and  6 (more  optimal  condtions)  reflects  the  greater  number  of  events  attempted  (not  ignored)  and 
successfully  performed  (see  figure  4-23)  by  the  simulated  crew  under  the  more  optimal  conditions. 

The  effect  of  variations  in  crew  size  on  sverage  hours  slept  is  shown  in  figure  4-26. 
With  increasing  crew  size,  the  average  number  of  hours  slept  increases  for  parameter  sets  1 and  2,  and 
parameter  rets  4 and  6,  The  effect  is  marginal  for  parameter  sets  4 and  6.  For  parameter  sets  1 and  2, 
approximately  a 20  percent  increase  in  sleep  time  available  under  the  more  sdverse  conditions  (parameter 
sets  1 and  2)  is  a fraction  of  more  events  being  ignored. 

4.5.5  MIobHIty  Data.  Human  reliability,  equipment  reliability,  and  system  reliability  are 

provided  in  the  run  summary  printout,  figure  4-15.  The  reliability  data  are  presented  on  the  last  line  of  foe 
printout  which  is  prepared  alter  completion  of  all  iterations  of  each  run.  The  reliability  data  obtained 
during  the  tests  described  in  paragraphs  4.5.1  through  4.5.4  am  presented  in  tables  4-14  through  4-16. 

Parameter  sets  2 and  3 differed  only  in  sea  conditions.  The  sea  state  in  parameter  sets 
2 and  3 was  9 and  0 respectively.  Table  4-14  presents  the  reiiabiUty  values  for  these  parameter  sets. 
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Table  4- 14  Overall  Reliability  Metrics  for  Parameter  Sets  2 and  3 * 


Parameter 

MTBF 

MTTR 

System 

Set 

Human 

Human 

Equipment 

Human 

Equipment 

Availability 

2 

0.744 

3.384 

2.71 

20.889 

0.215 

0.139 

0.181 

3 

2.226 

3.367 

3.06 

21.339 

0.421 

0.136 

0.313 

Table  4-1 S presents  the  various  reliability  metrics  comparing  the  results  from  parameter 
sets  3 and  7.  These  two  parameter  sets  differed  only  in  the  assigned  average  crew  pace.  Parameter  set  7 
represented  the  slower  crew.  All  the  metric  comparisons,  with  the  exception  of  the  HMTTR  comparison, 
indicate  superiority  for  the  faster  crew.  There  was  a considerable  increase  in  system  availability  as  the 
result  of  manning  the  simulated  system  with  a faster  crew.  However,  again  there  is  a reversal  for  the  HMTTR 
comparison.  The  present  thinking  relative  to  this  reversal  is  the  same  as  that  discussed  for  the  prior  param- 
eter set  comparison. 


Table  4-  IS  Overall  Reliability  Metrics  for  Parameter  Sets  3 and  7 * 


Parameter 

MTBF 

MTTR 

K9P 

MM 

Set 

Human 

Equipment 

Human 

Equipment 

Human 

Equipment 

Availability 

3 

2.226 

3.367 

3.06 

21.339 

0.421 

0.136 

0.313 

7 

1.649 

3.536 

2.86 

18.130 

0.366 

0.163 

0.283 

The  effect  of  the  crew  size  variable  with  a short  workday,  high  proficiency  crews, 
average  crew  pace,  and  calm  seas  is  shown  in  table  4-16.  Parameter  set  4 includes  a crew  of  14  r.  en,  while 
parameter  set  6 has  a smaller  crew  (9  men). 


Table  4 • 16  Overall  Reliability  Metrics  for  Parameter  Sets  4 and  6 * 


Parameter 

MTBF 

MTTR 

System 

Set 

Human 

Equipment 

Human 

Equipment 

Human 

Equipment 

Availability 

4 

5,314 

2.829 

1.88 

18.754 

0.739 

0.131 

0.531 

6 

6.953 

3.157 

4.60 

15.829 

0.602 

0.166 

0.441 

The  larger  crew  indicated  a shorter  HMTBF,  a shorter  HMTTR,  a higher  AVAIL, 
and  a higher  system  availability.  Here,  all  numerics  are  in  the  anticipated  direction  with  a 20.4  percent 
increaae  in  system  availability  resulting  from  the  increase  in  crew  size. 


•Since  this  report  was  prepared,  a number  of  additions  have  been  incorporated  in  the  model  in  the 
calculation  of  human  reliability,  MTTR,  and  availability  indices.  Corresponding  changes  have  also  been 
incorporated  into  the  calculation  of  the  various  system  metrics. 
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5.1 


EMPIRICAL  MODELS 

Introduction 


This  section  describes  several  useful  empirical  models  and  techniques  developed  during 
the  Human  Reliability  Prediction  System  Program.  These  techniques  can  be  used  to  provide  useful  system 
planning,  design,  and  test  information  at  several  points  in  the  system  life  cycle.  The  following  tools  are 
described: 


I 


• Lognormal  distribution  models  which  permit  the  maintenance  parameters  of 
systems  to  be  estimated 

• A simple  regression  model,  called  the  maintenance  power  model,  which  relates 
repair  time,  man-hours,  and  repairman  experience 

• Multiple  repairmen  prediction  models  based  on  a matrix  approach 

• A flow  chart  maintainability  prediction  model  which  can  be  used  in  the  multiple 
repairman  case  and  with  PM/FL 

• A demonstration  procedure  which  can  be  used  with  human  reliability 

These  methods  are  generally  applicable  and  examples  are  provided  for  several  system 

types. 


In  this  section,  a new  parameter  called  maintenance  power  is  introduced.  Maintenance 
power  is  the  product  of  repair  time,  man-hours,  and  years  of  experience  of  the  repairman.  The  average  of 
this  product  over  all  repair  actions  provides  a simple  means  of  relating  maintenance  man-hours,  mean 
experience,  and  mean  repair  time  for  any  system.  Maintenance  power  will  be  discussed  in  Section  5.3.2, 
below. 

5.2  Lognormal  Distributions  of  Mointonooes  Pa rom atari 

Maintenance  parameters  for  any  electronic  equipment  can  be  accurately  described  by 
the  lognormal  distribution.  The  one  exception  to  this  rule  is  the  repair  time  for  large  systems.  In  this  case, 
the  full  set  of  data  points  is  frequently  bi-modal-modes  are  identified  for  distinct  sets  of  repair  times  of 
over  and  under  some  specific  value.  For  large  sonars  this  value  is  10  hours. 

The  following  maintenance  parameter!  are  described  by  a lognormal  distribution  : 


• Repair  time 

• Man-hours 

• Maintenance  power 

• Men  assigned  per  repair 

• Experience  assigned  per  repair 
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The  data  in  table  5-1  presents  maintenance  parameters  for  three  typical  electrical 
equipments  and  one  typical  mechanical  equipment.  The  distributions  of  repair  time  and  man-hours  are 
plotted  in  figures  5-1  and  5-2.  These  examples  are  based  on  field  data.  Predictive  models  will  be  provided 
below. 

Table  5- 1.  Maintenance  Parameter  Distributions 


Equipment 

Maintenance 

Parameter 

Sample 

Size 

Arithmetic 

Mean 

Median 

95th  Percentile 

Std  Dev 
Log  X 

Large  Sonar 

Repair  Time 

237 

3.22  hrs 

2.30  hrs 

8.88  hrs 

0.357 

(j<  10  hrs) 
Repair  Time 

283 

8.55  hrs 

3.46  hrs 

31.70  hrs 

0.585 

(all  times) 

Man  Hours 

237 

5.23  hrs 

3.29  hrs 

16.10  hrs 

0.419 

(<10hrs) 

Man  Hours 

283 

19.50  hrs 

13.90  hrs 

53.90  hrs 

0.378 

(<.  all  times) 
Maintenance 

283 

68.10  hr-yrs 

19.40  hr-yrs 

3.25  hr-yrs 

0.685 

Power 

Men 

Assigned 

! 

283 

1.78  men 

1 .63  men 

3.25  men 

0.182 

Experience 

283 

3.80  yrs 

3.59  yrs 

6.27  yrs 

0.148 

Nose  Landing 

Repair  Time 

82 

0.74  hrs 

0.70  hrs 

1 .24  hrs 

0.149 

Gear 

Man  Hours 

82 

1.51  hrs 

1 .34  hrs 

2.96  hrs 

0.209 

Airborne 

Repair  Time 

108 

1.89  hrs 

1 .49  hrs 

4.65  hrs 

0.300 

Digital  Comp. 

Man-hours 

108 

2.72  hrs 

1 .89  hrs 

7.67  hrs 

0.369 

Airborne 

Repair  Time 

108 

0.88  hrs 

0.72  hrs 

2.09  hrs 

0.280 

Radio  Set 

i 

Man-hours 

108 

1.50  hrs 

1.21  hrs 

3.58  hrs 

0.287 

Airborne 

Repair  Time 

108 

1.69  hrs 

1 .34  hrs 

4.1 2 hrs 

0.297 

Radar  Set  | j j 

Some  important  properties  of  the  lognormal  distribution  are  shown  in  equations 
5-1  through  5-5.  If  x is  truly  lognormally  distributed,  the  parameters  of  the  x distribution  may  be 
estimated  as  follows: 

n 

• Estimate  of  median  of  x = geometric  mean  of  x = Antilog  |(£  log  x)/n]  (5-1) 


n is  the  sample  size 

• Estimate  of  standard  deviation  of  log  x = o 


log  (Mean/Median)  I 


FigunS-Z  Man-Hour  Dktributiom  Largo  Sonar  and  Aircraft  fif 
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'§ 

Xml*  (95th  percentile) 

■ (Median)  exp  {1.645a/0.434] 

(54) 

Mode  of  x • (Median)  exp  «o/0.434)2] 

(54) 

Z«  (0.434/0)  [ ln(x/MED)J 

Z * standard  normal  variate  with  mean  equal  to  zero  and  variance  1 

(5-5) 

These  equations  provide  a convenient  way  to  describe  the  distribution  of  the  key 
maintenance  parameters. 


Figure  5-3  is  a histogram  of  repair  times  for  a large  sonar.  This  chart  dearly  indicates 
the  bi-modal  nature  of  the  repair  time  distribution. 

Figure  5-4  presents  a plot  of  average  experience  vs.  repair  time  and  man-hours.  A 
useful  finding  is  that  average  experience  increases  with  repair  time.  Above  10  hours,  average  experience 
seems  to  decrease  with  repair  time  and  man-hours.  This  finding  indicates  that  more  complex  repair  actions 
(as  indicated  by  greater  repair  time)  have  more  experience  applied  to  them.  It  may,  however,  indicate  the 
reverse;  that  more  experienced  repairmen  are  actually  leu  proficient  and  take  longer  at  repairs.  More 
experimental  work  is  needed  to  resolve  this  issue.  Sufficient  Ainds  were  not  available  in  the  Human 
Reliability  Prediction  System  Program  to  obtain  the  data  to  draw  conduskms  about  the  curves'  behavior 
above  10  hours. 


Simple  lognormal  Prediction  Models 

SfmpM  Maintainability  Pradkthn  Tachniquaa.  These  prediction  methods  make  use  of 
coefficients  derived  from  service-wide  maintainability  data  for  specific  system  types.  Predictions  can  be 
made  for  equipments  at  a function  of  repair  crew  size  and  experience.  The  prediction  models  described  are 
designed  to  be  independent  of  one  another. 

The  models  are  used  to  estimate  the  following  important  maintainability  parameters: 


• Maintenance  power  (man-hours  and  experience  as  a function  of  repair  time) 

• Distribution  of  repair  time  per  repair  u a function  of  average  repair  crew 
experience 

• Distribution  of  man-hours  per  repair  as  a function  of  average  repair  crew 
experience 

• Number  of  repairmen  per  repair 

• Repair  crew  experience 

• Annual  man -hours 

• Avenge  number  of  repairmen  appearing  within  each  experience  category 
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The  prediction  method  deicribed  makes  use  of  the  following  items,  which  can  be 
derived  by  system  type  from  service  data: 

• MTTR,  geometric  MTTR  (MTTRq),  95th  percentile  repair  time,  standard  devia- 
tion of  the  logarithm  of  repair  time  (Og) 


• Mean  man-hour  (MMH),  geometric  mean  of  man-hour  (MMHq),  95th  percentile 
man-hour,  standard  deviation  of  the  logarithm  of  man-hour  (o^) 

• Average  number  of  repairmen  per  repair  (K),  geometric  mean  of  number  of 
repairmen  per  repair  (K q),  95th  percentile  number  of  repairmen  per  repair, 
standard  deviation  of  the  logarithm  of  number  of  men  per  repair  (o^) 

• Average  repair  crew  experience  (E),  geometric  mean  of  experience  (Eq),  95th 
percentile  of  experience,  standard  deviation  of  the  logarithm  of  experience  (Og) 
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Each  of  the  prediction  methods  is  described  in  the  following  paragraphs. 
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5.3.2  Model  for  Maintenance  Power.  Maintenance  power  relates  mean  man-hours,  mean 

repair  time  (MTTR),  and  mean  experience  levels.  The  maintenance  power  applied  to  a repair  of  any  given 
repair  time  is  equal  to  the  average  of  the  product  of  the  experience  levels  (years)  applied  to  the  repair  and 
the  time  expended  (hours),  within  each  experience  level,  over  all  repairs  having  that  repair  time. 

Statistical  analyses  of  fleet  repair  data  for  a large  sonar  system  indicate  a very  close 
fit  to  a straight  line  equation  of  the  form: 


MP  * /3R-J- * 8Rj 


(5-6) 


where 

MP  » Maintenance  power 

0*8  = The  slope  of  the  regression  curve 

Rj  = Repair  time 

The  data  indicates  that  equation  5-6  also  describes  the  relationship  between  mean 

values,  i.e.: 

W = 8 MTTR,  or  MMHl  = 8 MTTR  (5-7) 

where: 

MMH  * Mean  man-hours 

IT  • Average  repair  crew  experience 

The  second  form  of  equation  5-6  is  very  useful  for  early  system  planning  for  trade- 
off studies  of  maintenance  man-houts,  technician  experience,  repair  time,  availability,  and  life  cycle  support 
cost. 
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Mi  Rapt*  Tkna  OtnrtbuHon  PmBcdon.  Using  this  model,  the  equipment  repair  time 

distribution  can  ha  estimated  ea  a function  of  averags  repair  craw  experience.  The  cum  in  figure  5-4  gives 
average  repair  time  as  a taction  of  average  crew  experience,  This  cum  ii  limited  in  scope  because  it  waa 
derived  from  just  ana  large  sonar;  however,  it  can  be  used  to  illustrate  die  method.  The  assumptions  under- 
lying the  uee  of  this  model  ate  as  follows: 


• Repair  time  is  lofnormaUy  distributed. 

• The  standard  deviation  of  the  repair  time  distribution  is  not  affected  by  changes 
in  average  number  of  repairmen  per  repair  (K)  and  average  crew  experience  (E). 
It  appears  reasonable  to  assume  diet  the  standard  deviation  is  invariant  across  all 
systems  in  the  service,  for  any  given  system  type  (op). 

• Experience  and  repair  time  relationships  gum  in  figure  5-4  are  known. 

The  procedure  for  using  the  model  to  predict  repair  time  distribution  is  demonstrated  in  example  5-1. 
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First,  figure  §4  can  be  used  to  estimate  the  average  repair  time  for  a given  average 
experience  level.  For  e hypothetical  E ■ 4 years,  the  average  repair  dim  (MTTR)  ■ 4.9  hours. 

The  derived  repair  time  distribution  has  On  ■ 0.585  hours.  It  it  assumed  that  this  value 
does  not  change.  The  other  characteristics  of  the  repair  time  distribution  (except  for  Op)  can  be  estimated 
at  follows: 

Appikabk  Formulas 

MTTRc  - Antilog  Dog  MTTR-  US  0p2j  (5-8) 

Maximum  Repair  Time  > MTTRc  exp  1 1 .645  Op/0.434  ) (5  9) 

Procedural 


Procedure 

1 . Substitute  MTTR  and  op 
into  the  formula 

2.  Compute  MTTRc 


3.  Using  MTTRc,  compute 
Maximum  repair  time 
( MTTRc  * **P  l * -645  Op/0.434  ] ) 


Example 

1 . MTTRc  B Antilag  Dog  4.9  - 1 . 1 5 x (0.585)2] 

2.  Antilog  (log  4.9  - 1. 1 5 x (0.585)2] 

» 1.98  hours 

3.  Maximum  Repair  Time 

■ 1.98  x exp  (1 .645  x 0.585/0.434J 
• 1.98  x exp  2.22 
>1.98x9.18 
> 18.18  hours 
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8.14  Hm-boun  Pndktion.  The  distribution  of  min-hourt  per  repair  cm  be  predicted  as  * 

function  of  average  repair  crew  experience.  Again,  uee  It  made  of  a figure  wch  as  5-4.  The  ataumpUona  for 
thia  model  are  as  follows: 

• Man-houn  an  lognormaUy  distributed. 


• The  attndaid  deviation  of  the  manfaoun  distribution  remains  the  tune  and 
is  not  affected  by  E and  R changes.  Changes  in  E appear  to  have  very  little  effect 
on  Ol|;  however,  K chancy  do  have  some  effect  on  man-hour  characteristics. 
Thia  fa  at  least  true  when  K values  remain  fairly  doee  to  the  minimum  required 
value  dictated  by  the  inherent  maintainability  characteristics  of  the  equipment. 

• Total  man-hours  ■ K x (MTTR)  x Number  of  Failures  (5-10) 

The  procedure  for  using  the  model  to  predict  the  distribution  of  man-hours  per  repair  fa  demonstrated  in 
example  5-2. 


Example  5-2. 

Tmk  Dmeripthn 


Distribution  of  Man-hours  Nr  Repair 


perience  is  4 yean. 
AppNctbh  Fomndm 


Compute  the  man-hour  distribution  where  - 0.378  and  average  technician  ex- 


Median  man-houn  (geometric  mean:  MMHq)  “ Antilog  [log  MMH  - 1.15  VI 

Maximum  man-houn  _ MMu  x exp  [XM$  x <^,0.434] 

(95th  percentile)  *C  i ''M 


Proctdurm 

Procedure 


Example 


1.  Estimate  mean  man-houn  (MMH)  from  graph  I.  MMH  >8.00  houn 

in  figure  5-4. 

2.  Compute  median  man-houn  (geometric  mean)  2.  MMHq>  Antilog  [log  8.00  • 1 . »5om21 

■ Antilog  [log  8.00  • 1.15  x (0.378)2] 

■ 5,48  houn 

3.  Compute  maximum  man-houn  (95th  percentile)  3.  Maximum  man-houn  (95th  percentile) 

■ MMHq  x exp  [1 .645  x oj^/0.434] 

- 5.48  x exp  [1.645  x 0.378/0.434] 

• 5.48  x exp  [1.433] 

-5.48x4.19 

- 22.96  houn 


5.3.5  Prediction  of  Number  of  Repairmen  per  Repair.  Tbit  model  is  used  to  predict  the 

median  and  maximum  (95th  percentile)  number  of  repairmen  per  repair  baaed  on  knowledge  of  the  average 
number  of  repairmen  per  repair  (K).  For  the  sonar  fleet  data,  K * 1 .78.  The  assumptions  for  this  model  ate 
as  follows: 


• Number  of  repairmen  per  repair  is  iognormafly  distributed. 

• Ov  is  not  affected  by  E and  K changes.  Experience  with  much  data  indicates 
that  this  is  valid.  0g  ■ 0.182. 


The  procedure  for  using  the  model  to  predict  the  number  of  repairmen  per  repair  is  demonstrated  in 
example  5-3. 

1^— ^9e^teir^tte^^  lllep^str 


Tetik  Deecription 


Given  * 0.182  compute  repairmen  per  repair. 


Applicable  Formulae 


Procedure* 

Procedure 


Median  repairmen  per  repair  (Rq): 

Rq  ■ Antilog  [log  R - 1.15  o^2] 

Maximum  Repairmen  per  Repair  “ Rg  * exp  (1.645  x 0^/0.434] 

Example 


1.  Compute  Rq 


2.  Compute  maximum  repairmen 
per  repair  (MRR) 


1.  Kq -Antilog  [log  K - 1.15  ok2] 

“ Antilog  [log  1.78  - 1.15  x(0.182)2] 
“ 1.63  Repairmen 

2.  MRR  - Rq  x exp  [1.645  x o^,/ 0.9434] 

= 1.63  x exp  [1.645  x (0.182)/0.434] 
= 3.25  Repairmen 


$.36  Prediction  of  Repair  Crew  Experience.  This  model  is  used  to  predict  the  median  and 

maximum  experience  level  per  repair.  This  model  is  based  on  the  following  assumptions: 


• Repair  crew  experience  is  lognormally  distributed. 
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• The  standard  deviationof  the_  experience  distribution  (Og)  remains  constant 
and  is  not  affected  by  E and  K changes.  For  the  purposes  of  simplicity  in  pre- 
diction, it  is  not  unreasonable  to  main  this  assumption,  <7g  * 0.148,  from  the 
available  data. 

The  procedure  for  using  the  model  to  predict  experience  level  per  repair  is  demonstrated  in  example  5*4. 


Example  54  Experience  Level  Per  Repair 
Teak  Deecriprion 

The  prediction  is  made  using  the  average  experience  level  per  repair  (E)  assumed  as  the 
input  to  the  illustrative  examples  in  this  section.  E ■ 4 yean.  The  model  permits  the  median  experience 
per  repair  and  maximum  experience  per  repair  to  be  estimated. 


Applicable  Formula* 


Median  experience  per  repair  (Eq): 

Eq*  Antilog  l log  E - 1.15  Og2  ] 

Maximum  experience  per  repair  ■ Ec  x axp  [ 1.64S  Og/0.434  ] 


Procedure* 


2.  Compute  maximum  experience  per  repair 


1.  Compute  Eq  1.  Eg  ■ Antilog  (log  E - 1.1  SOg*  ] 

- Antilog  ( log  4 - 1 .15  x (0. 148)2  J 
■ 3.77  years 

2.  Compute  maximum  experience  per  repair  2.  Maximum  experience  per  repair 

■ Eq  x exp  [ 1.645  Og/0.434  ] 

- 3.77  x exp  [ 1.645  x (0.148)/0.434  1 
•6.61  yean 

5.3.7  Prediction  of  Annual  Man-hour*  and  Average  Number  of  Repairmen  Appearing  at 

Bach  Experience  Level.  These  parameters  are  very  useful  to  logistics  system  plannen,  They  provide  data 
for  manning  level  and  life  cycle  cost  estimates.  In  order  to  perform  these  calculations,  it  is  assumed  that  : 

• Repair  crew  experience  and  man-hour  distributions  have  been  calculated. 

• Accumulated  Man-houn  at  Experience  Level  E ■ Mean  Man-hours/Man/Repair 
x Men  Appearing  at  Experience  Level  E. 

The  procedure  for  using  the  model  to  predict  annual  man-houn  and  average  number  of  repairmen  at  each 
experience  level  is  demonstrated  in  example  5-5. 
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Ml  Mai  at  at  it  t to  «0  30  4t  tt  90  II  to  to  to 

CUMUiATIVI  ttOCSMT 

Flpm5-&.  Typtetl  £ qwrfrnw  CumuM*  Dktributton 

Given  data: 

• Amagt  lapattma/npaii  (K)-  1.78 

• Annual  opening  time  * 5,000  houn 

• MTBP  ■ 500  houn 


Afiplieabb  Formulae 


Avenge  Annual  Number  of  Re] 


> (Avenge  Repairmen/Repair) 


pairmen 


'Annual  Opentlng  Tlmei 


MTBF 


Total  annual  man-houn  ■ Mean  man-houn  x 


f Annual  Opentlng  Time] 


MTBF 


(S-I8) 


Apportioned  Repairmen  ■ Percent  in  Experience  Interval 
x Avenge  Total  Repairmen 

Apportioned  Annua)  Man-houn  in  Experience  Interval 
* Percent  in  Experience  Interval  x Annual  Man-hourt 


Procedure* 

Procedure 

1 . Liet  the  ship's  repair  crew  experience.  Show 
range  of  experiences,  cumulative  percent  and 
percent  of  each  interval  from  the  lognormal 
plot  given  in  figure  5-5. 

2.  Compute  average  total  annual  number  of  re- 
pairmen in  repair  actions  using  formula  5-17. 


Estimate  the  expected  total  accumulated  an- 
nual man-hours  using  formula  5-18. 


Example 
I . See  table  S-2 


2.  Average  annual  number  of  repairmen 
* (Average Repairmen/Repair)  x 

(Annual  Operating  Time  \ 

MTBF  ) 

5000 

■ 1.78  

500 

* 17.8  repairmen  in  repair  actions 


3.  Total  annual  man-hours 


Mean  man-houn  x| 


(Annual 


sting  Tine) 


80»W' 


80  hours 


4.  Use  the  experience  distribution  results  (table 
5-2)  to  compute  the  average  number  of  re- 
pairmen in  each  experience  level  category 
(formula  5-19)  and  the  associated  number  of 
man-hours  (formula  5-20). 


4.  Computed  for  the  3 year  experience  interval 

a.  Apportioned  repairmen 

■ percent  in  experience  interval 
x Average  total  repairmen 
*0.42x17.8 
= 7.48  repairmen 

b.  Apportioned  annual  man-hours  in 

experience  interval 

* percent  in  experience  interval 
x Annual  man-hours 

* 0.42  x 80.00 

* 33.6  man-hours 


Tab/a  5-2  Experience  Distribution  Summary 


Experience  level 
(yean) 

3 

Range  of  Experience 
(years) 

0-3.5 

Accumulative  Percent 
(at  upper  band  of 
experience  range) 

42% 

Percent  for  each 

Interval 

42% 

5.28  Tradeoff  Relationships.  The  relationships  presented  above  can  be  used  for  simple 

but  efficient  trade-off  analyses  between  repair  time,  man-hours,  experience  levels,  failure  rates,  spares 
stockage  levels,  availability,  and  costs. 

Basic  relationships  presented  in  this  section  are: 

MMH  •T-0MTTR  (5-21) 

MTTR  * f(E)  (5-22) 

MMH-g(E)  (5-23) 

Total  man-hours  * K * MTTR  x No.  of  failures  (5-24) 

K ■ Some  known  value 


where. 


where: 


#i  is: 


To  these  can  be  added  the  following  relationship  from  classical  reliability  theory: 
The  reliability  of  the  ith  subsystem  is  R,(t)  = e ^i*  (5-25) 


X = failure  rate  of  ith  subsystem 


System  reliability  calculations  are  adequately  covered  in  many  standard  texts. 


The  subsystem  availability  is: 


Aj(t)  = 


1 


(5-26) 


Aij  = repair  rate  of  ith  subsystem 
The  system  availability  is. 

AgO)*  Aj  •Aj^'Ajq  (5-27) 


The  probability  of  running  out  of  spares  in  mission  of  time  T fc.  er‘h  module  type 
e'*>T  ( XjT)S 

P(spares)  * 1-2 — <_  0. 1 (5-28) 


where: 


S = number  of  spares 

Simple  equations  for  life  cycle  support  costs  or  models  such  as  the  LOR  model 
(MIL-STD-1390A)  can  be  used  to  relate  costs  to  design  and  support  system  parameters.  These  models 
and  the  above  equations  can  be  used  to  perform  trade-offs. 

5.4  Multiple  Repairman  Maintainability  Prediction  Model  • The  Matrix  Model 

5.4. 1 Introduction.  At  the  present  time,  the  conventional  maintainability  prediction  and 

demonstration  procedures  described  in  M1L-HDBK-472  and  MIL  STD-471  A are  only  associated  with  single 
man  repair  tasks.  Also,  differences  in  training  and  experience  between  the  repairmen  are  not  adequately 
accounted  for  in  these  prediction  models.  This  section  introduces  a mathematical  model  for  maintainability 
prediction  that  takes  into  consideration  the  effects  of  utilizing  multiple  repairmen,  as  well  as  considering 
differences  in  training  and  experience. 

In  the  single-man  repair  situation,  the  man-hours  and  active  repair  (or  elapsed)  time 
are  always  identical;  therefore,  the  maintainability  characteristics  of  an  equipment  can  be  adequate!' 
expressed  in  terms  o its  repair  time  characteristics.  In  the  situation  of  complex  systems,  repairs  usually 
require  the  services  of  more  than  one  repairman.  Consequently,  system  maintainability  characteristics  can 
no  longer  be  adequately  defined  by  repair  time  characteristics  alone;  constraints  on  other  characteristics 
(iuch  as  man-hours  and  number  of  repairmen)  must  also  be  defined. 


i 
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The  fact  that  repair  time,  man-hours,  and  the  number  of  repairmen  can  all  be  approx* 
imated  by  lognormal  distributions  permits  the  assumption  that  multiple  repairman  actions  may  be  shown  to 
consist  of  a simple  combination  of  single  repairman  actions  using  a matrix  model.  The  matrix  method  of 
predicting  MTTR's  and  MMH's  is  described  in  the  next  paragraph. 

S.4.2.  Matrix  Calculations.  The  matrix  method  of  maintainability  prediction  is  beat 

described  by  a series  of  illustrations  for  the  parameter  types  of  interest. 

S.^.2. 1 Calculation  of  MTTRS.  The  arithmetic  system  MTTR,  MTTRc,  is  calculated  by  the 

following  relationship:  3 


MTTRjj  ■ X Oj  “ The  mean  time  to  repair  the  system 


Oj  * Probability  that  i repairmen  are  assigned. 

i " Denotes  the  number  of  repairmen  associated  with  a 
repair;  i ranges  from  1 through  K. 


Note  X a ■ 1 . 
i-  1 

Mav  ■ CvM,  ■ Human  factor  adjusted  average  system  repair 
M time  for  i men  repair  team. 

Cjj  » Repair  time  human  adjustment  factor  for  i men 

repair  team.  This  is  a team-work  factor  reflecting  gain 
in  efficiency  due  to  team-work.  0 < Cv  < I . 

Typical  values  of  for  a large  sonar  system  are: 

■ 1,  This  is  obvious  for  a I -man  team. 

Cv  “ 0.306  for  2-man  teams. 

Cy  • 0.244  for  3-man  teams. 

The  equation  for  MTTR§  can  be  rewritten  as: 

K 

MTTRj  ■ X * oT  AvM  1 
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The  parameters  or  a typical  large  sonar  problem  are: 

O)  » Probability  of  I -man  per  repair  ■ 0.1 

aj  “ Probability  of  2-men  per  repair * 0.7 

a 3 * Probability  of  3-men  per  repair » 0.2 

Rfl  * Mean  repair  time  of  I -man  repairs  - 4.1  hours 

Therefore,  the  MTTRj  is  obtained  as  follows: 

n 

a - 0.7 


aT  - [o.l,  0.7,  0.2] 


0,30b  0 


- The  transpose  of  o< 


I ■ Unit  matrix 


H * 4.1 


1 " 2 . 1 - I 


t 


therefore: 

j 

"l 

0 

0 “ 

T 

! MTTRS  - [0.1,  0.7.  0.2] 

0 

0.306 

0 

M 

i 

■ 1 .49  hours 

0 

0 

0.244 

R 


5.4.22  Calcutatfan  of  Moon  Man-hours  par  System  Rapafr  < MMH s).  The  mean  vlaue  of  nun- 

hours  per  system  repair  is  given  by : 


MMHS  - 1 a,  WnAYI  " ttTHHAYl  (5-33) 

i * 1 


wmmmmmm 
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5.5  Flow  Chart  Maintainability  Prediction 

5.5.1  Introduction.  At  the  present  time,  Procedure  11  in  MIL-HDBK-472  it  probably  the 

moat  popular  maintainability  prediction  procedute.  However,  because  of  its  reliance  on  table  2-2  of  that 
handbook  the  procedure  can  only  be  used  for  preliminary  maintainability  prediction  studies,*  since  this 
table  is  rather  insensitive  to  hardware  design  changes  and  totally  insensitive  to  maintenance  procedute 
improvements.  Therefore,  the  Flow  Diagram  Maintainability  Prediction  Method  it  presented  in  order  to 
estimate  the  maintenance  times  for  a given  system  more  realistically.  This  method  improves  maintain- 
ability prediction  accuracy,  helps  to  stands rize  troubleshooting  procedures,  reduce  the  expected  number  of 
maintenance  steps,  and  establish  a troubleshooting  priority  that  is  roughly  consistent  with  circuit  criti- 
cality. The  method  can  be  used  for  maintainability  growth  monitoring  and  man-hour  prediction.  Because 
the  flow  diagram  can  simulate  most  of  the  maintenance  tasks,  it  is  a highly  desirable  prediction  method  for 
contracts  that  require  maintainability  demonstration. 

Another  important  characteristic  of  the  method  is  that  it  can  be  used  to  predict 
arithmetic  mean  repair  time  and  mean  man-hours  independent  of  the  distribution  of  repair  time.  In  addi- 
tion, it  can  be  used  for  analog  and  digital  systems. 


5.5.2 


Basic  Concepts.  The  following  steps  are  used  when  applying  the  flow  chart  model. 
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• Conduct  a Level  of  Repair  analysis  to  determine  the  system’s  modular  and 
replaceable  part  structure. 

• Conduct  a Failure  Mode  and  Effects  Analysis  to  determine  the  symptoms 
resulting  from  the  failure  of  each  replaceable  item  or  module. 

• Evaluate  the  results  of  the  first  two  iteps  and  construct  a troubleshooting  flow 
diagram  which  defines  the  logic  and  physical  actions  of  the  repair  process. 
Rules  which  should  be  followed  are: 

- Whenever  feasible,  each  test  point  indication  should  eliminate  from  sus- 
picion roughly  half  of  the  potentially  faulty  circuits.  This  rule  is  consistent 
with  decision  theory  concepts  using  failure  rates  as  the  weighting  factors. 
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- Troubleshooting  actions  should  consist  of  a logical  deduction  from  visual 
analysis  of  selected  signal  outputs,  the  BITE/PMFL  readings  obtained  while 
manipulating  front  panel  controls  and  limited  groups  of  modules/ieplace- 
able  items.  In  some  cases,  testing  by  simple  replacement  may  be  necessary. 


The  flow  chart  is  constructed  under  the  assumption  that  only  one  independent  cir- 
cuit fault  can  occur  in  the  receiver  at  a time,  because  the  probability  of  two  simultaneous  independent 
faults  is  extremely  low. 
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* Localization,  isolation,  alignment,  and  checkout  times  In  MIL-HDBK-472,  table  2-2,  are  based  on  die 
average  maintenance  test  times  of  a wide  variety  of  naval  electronic  equipments  of  vintage  lots  prior  to 
1965. 
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Determine  the  time  required  for  each  analytic  and  physical  step  in  the  flow  chart: 

• Test  equipment  setup  time  (t,). 

• Overall  system  diagnosis  time  (tQd)  (This  is  the  time  required  to  determine  the 
starting  point  of  the  analysis  from  system  level  indications.) 

• Module  isolation/localization  time  (tj^w)  (This  it  the  average  time  required  to 
trace  through  the  logic  paths  to  determine  if  a module  is  faulted.  If  several  patha 
lead  to  the  same  module,  they  mutt  all  be  included  in  the  analysis.) 

• Replaceable  item  isolation/localization  time  (tjLR):  same  definition  as  for 
modules. 

• Module  replacement  and  check  time  (t^j)  (This  is  the  time  to  check  the  test 
points,  jacks,  and  visual  indicators  on  the  suspected  module,  replace  the  module, 
and  check  its  functioning.  For  some  modules,  alignment  time  is  needed.) 

• Replaceable  item  checkout  time  includes  time  to  remove,  replace,  and  check 
replaceable  items. 

Specific  time  elements  can  be  derived  from  tables  2-2  to  2-5  in  MIL-HDBK-472 
and  from  the  best  judgment  of  the  maintainability  engineer,  after  consultation  with  design  and  maintenance 
personnel. 

The  MTTR  is  computed  from  the  following  equation: 


MTTR  - t,  + tod  + SXi  RPj 


test  equipment  setup  time 
overall  system  diagnosis  time 

failure  rate  of  the  i'th  module  or  repairable/replaceable  item 


the  time  required  to  isolate,  check,  repair/replace,  and 
check  the  i'th  module/part.  This  is  derived  by  tracing  through 
each  path  in  the  flow  diagram. 


The  geometric  mean  of  repair  time  (or  median)  is  computed  from: 


E(Xl  log  Si 

MTTRq  ■ Antilog  ; log  t,  ♦ log  t^  ♦ ^ 


>8  V)j 


ft-20 
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The  standard  deviation  can  be  computed  from: 


The  9Sth  percentile  can  be  computed  from: 

Rj(95)  = MTTRq  exp  [ 1.645  c/0.434  J 


(5-39) 


(5-40) 


The  procedure  described  above  can  be  extended  to  the  multiple  repairman  case 
quite  simply,  by  assuming  that  certain  groups  of  tasks  can  be  performed  in  parallel.  Each  man  works  on  a 
specific  group  of  logical  steps  and  physical  activities,  either  completely  in  parallel  or  alternating.  This  allows 
the  case  of  repairmen  working  at  different  locations  (i.e.,  CIC  and  equipment  room)  to  be  evaluated.  The 
case  where  several  technicians  must  work  together  on  heavy  mechanical  gear  can  also  be  considered. 

5.5.3  Examples.  The  flow  chart  method  can  be  illustrated  by  means  of  a simple  example 

for  a digital  system  which  includes  a power  converter,  two  module  groups,  and  a rack  assembly.  Organiza- 
tional maintenance  is  performed  by  means  of  module  replacement.  Some  visual  fault  locating  is  provided 
by  means  of  an  indicator  lamp  on  the  front  face  of  critical  modules.  However,  most  fault  locating  must  be 
accomplished  by  measuring  the  signals  at  a large  number  of  test  points  which  are  brought  out  to  the  front 
face  of  the  modules. 
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The  flow  chart  procedure  is  illustrated  as  follows: 


1.  Figure  5-6  defines  the  overall  troubleshooting  procedure.  If  the  system  con- 
tained a sophosticated  PM/FL,  many  logical  steps  in  the  analysis  of  the  module 
groups  would  be  zero,  and  the  block  “Overall  System  Diagnosis”  might  be 
slightly  larger  than  three  men. 

2.  Figure  5-7  illustrates  the  logical  and  physical  steps  used  to  isolate  faulty  power 
supply  modules.  The  mean  repair  time  calculation  for  the  power  converter  is 
summarized  below: 

• The  process  illustrated  in  figure  5-7  and  step  2 is  repeated  for  each  module 
group  and  the  rack  assembly. 

* The  MTTR  calculation  is  summarized  as  follows: 


Module  Group 
at  End  of  Line 

Power  Converter 
Module  Group  I 
Module  Group  11 
Rack  Assembly 
Totals 


Xi 


2.9637836 

28.481625 

11.226419 

0.841026 

43.512853 

515.126552 

43.512853 


MTTR  = 2 min  + 3 min  + 
* 16.84  min 


Xi  RPi 


8.112905 

329.996866 

126.5552210 

50.46156 

515.126552 
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5.5.4  Impact  of  PM/FL  System  on  Flow  Chart  Maintainability  Prediction.  If  the  tystem 

is  equipped  with  a PM/FL  system,  the  maintenance  times  associated  with  many  of  the  diamond  shaped 
decision  blocks  in  the  flow  diagram  will  be  reduced  to  zero.  The  system  checkout  time  will  also  be  reduced 
accordingly.  When  the  troubleshooting  and  checkout  times  become  negligible,  the  repair  time  character- 
istics, being  dominated  by  the  assembly/disassembly  times,  will  generally  become  a normal  distribution. 
However,  when  a PM/FL  is  not  fully  effective,  the  influence  of  troubleshooting  times  will  remain  sub- 
stantial and  the  lognormal  principle  could  still  be  applied  for  maintainability  prediction. 

At  the  present  time,  a common  practice  in  PM/FL  design  is  to  enable  the  system  to 
localize  faults  to  a small  number  of  modules;  consequently,  manual  troubleshooting  is  still  commonly  used. 
In  such  cases,  the  system  flow  diagram  shown  may  be  broken  down  into  a number  of  discrete  flow  dia- 
grams, each  being  associated  with  a group  of  potentially  faulty  modules  designated  by  the  PM/FL  system; 
consequently,  the  maintainability  prediction  approach  will  remain  the  same  as  that  described  in  the  pre- 
vious paragraphs. 


In  case  a group  of  faulty  modules  cannot  be  troubleshot  by  logical  deduction  of  cir- 
cuit functions,  a common  practice  is  to  try  the  random  spare  module  substitution  method.  In  such  a case, 
maintenance  flow  diagram  may  be  abbreviated  and  the  following  mathematical  model  may  be  applied. 

Given  the  following  input  parameters: 

n = Number  of  modules  in  the  group 

Xj  = Failure  rate  of  i**1  module 

i = The  order  of  module  substitution,  that  is: 

Module  1 is  substituted  with  a spare  first.  If  it  is  not  the  faulty  module. 
Module  2 will  be  substituted  with  its  spare,  etc.,  i has  a range  from  1 
through  n. 


w) 


t j 3 The  estimated  total  repair  time  for  the  i^1  module  including  all  the  wrong 
module  substitution  and  checkout  times. 

The  following  may  be  calculated: 
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Xj/ZXj  = The  probability  the  i^1  module  is  defective 
i=  1 

n n 

Expected  Group  Repair  Time  = £ tiXi / 2 Xi 

i=  1 i=  1 


(541) 

(542) 


If  (E  is  the  average  module  removal  time  plus  spare  insertion  and  checkout  time, 
the  total  repair  time  for  2,  3, ...  n modules  is  given  by: 


5-24 


) 


r 


*2  = m *0 

*3  " 'l+-0  C 

*n  * t,+(n-i)[k] 

If  Xj  * X-i  * Xn,  the  equation  for  Expected  Croup  Repair  Times  becomes: 

iy»  • * —'ll]  (! 

i*  I 

It  *.  “0  + Cover  Removal  & Installation  Time 


Expected  Group  Repair  Time  » — — ■HH'*'  Cover  (5-45) 

5.6  Maintenance  Paramater  Demonstration 

5.6.1  Introduction.  Since  repair  time,  man-hours,  and  number  of  men  per  repair  are  the 

inherent  maintainability  characteristics  of  an  equipment,  they  should  be  specified  in  contract  requirements 
and  tested  in  maintainability  demonstration.  Repair  times,  man-hours,  maintenance  power,  repairman 
experience,  and  men  per  repair  are  lognormally  distributed.  Consequently,  the  demonstration  plan  des- 
cribed in  the  following  paragraphs  can  be  used  to  test  each  of  these  maintainability  parameters. 

56.2  Demonstration  Procedure  Model  l - The  Median.  This  demonstration  tests  the 

acceptability  of  the  median  of  a lognormal  variate  (x)  when  the  requirement  is  specified  in  terms  of  both  a 
specified  median  (MQ)  and  a maximum  median  (M,).  The  basic  test  model  is  derived  from  Test  Plan  4 of 
MIL-STD-471 A (sample  size  ■ 20).  The  hypothesis  testing  model  is  shown  in  figure  5-8. 


loafgvowcilc  nw«n  of  x)« ioarimiKtuium  (MdUn) 

\ */S~i9 


Critical  C 


fi  I a Reject 


figure  5-S  Hypothesis  Testing  of  the  Meehan 
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where: 


The  null  hypothesis  is 


HQ:  M<M0  “ specified  median 


The  alternate  hypothesis  is 


H,:  M>M, 


Tlds  accept-reject  criteria  requires  that  both  of  the  following  be  true: 


: mean  ot  x)  • log  (specified  me 


indicates  HQ  is  true  withal -a)  probability 
log  (geometric  mean  of  x)  - log  (maximum  median) ^ ^ 

indicates  H j is  true  with^.0  probability 

a * producer’s  risk  that  the  system  will  be  rejected  even  if  M < MQ 
0 • consumer's  risk  that  the  system  will  be  accepted  even  if  M > Mj 

Mq  ■ Specified  median  of  x 

M | » Specified  maximum  median  of  x 

n 

Geometric  Mean  of  x ■ AntUog  £ {log  Xj)/n 

i-  1 

s * Estimate  of  the  standard  deviation  of  logarithm  of  x 


I (logx,)2  - n I log  (geometric  mean  of  x)  J 2 


t0,  ip  ■ values  of  student's  t distribution  at  percentage  points  a,  0,  i.e. 


i 


ta»  1.729  for  a ”0.1 


tg- 1.328  for  0-0.2 

n * sample  size  » 20 

&&3  DtmonstnHcn  Prvctdum  Modti  2 - The  Mean.  This  demonstration  model  tests  the 

acceptability  of  the  mean  of  a lognormal  variate  (x)  when  the  requirement  is  stated  in  terms  of  a minimum 
acceptable  or  specified  mean  (pj  and  a specified  maximum  mean  (pj).  The  basic  model  is  the  same  as 
that  outlined  in  MIL-STD-471A  Test  Plan  1 A.  The  detailed  hypothesis  testing  model  is  shown  in  figure  5-9. 
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Critical 


This  method  assumes  o2  (the  variance  of  lnX)  is  unchanged  regardless  of  whether  the 
null  hypothesis  H.  or  alternate  hypothesis  H j is  true  ; however,  because  of  the  assumotion  that  x is  lognor- 
mally  distributed,  the  variances  of  the  maintenance  times  d2  and  df  are  not  equal. 


The  null  hypothesis  is 

1^:  p < p0  « specified  mean  of  x 
The  alternate  hypothesis  is 

Hj:  ft  > pj  « specified  mean  of  x 
The  accept-reject  rules  are 

Accept  H0  if  + Za^a«nd  • Zp 
Reject  HQ  otherwise. 

where: 

do 
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expo  I 


(5-50) 

(5-51) 
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■ £ InXj  -[in  (jeometric  mein  of  x)]~ 
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ALLOCATION  OF  MAN-MACHINE  RELIABILITY 
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1.1  IxtrodvctiDr. 

This  chapter  presents  an  allocation  methodology  which  is  based  00  conventional 
optimization  techniques  and  permits  equipment  acquisition  and  human  operator/maintainer  constraints 
to  be  readily  addressed.  The  methodology  Incorporates  the  human  as  a part  of  the  system  by  combining 
the  human  reliability  results  described  in  the  previous  chapters  with  conventional  hardware  reliability 
models.  A simple  example  is  provided  to  illustrate  application  of  the  methodology. 

6.2  Basic  Concepts 

The  central  concept  of  the  man-machine  allocation  is  the  “Operational  Reliability” 

concept  (Ref  37). 


The  Operational  Reliability  concept  extends  conventional  reliability  concepts.  It 
considers  the  human  as  an  integral  part  of  the  system  and  considers  the  fact  that  systems  are  frequently 
developed  for  mote  than  one  mission.  Operational  Reliability  is  defined  as  the  probability  of  successful 
operation  of  a total  man-machine  system  over  all  mission  employments  of  that  system.  The  man-machine 
system  consists  of  the  system  hardware,  software,  interfaces  and  personnel.  In  quantitative  terms.  Opera- 
tional Reliability  is  written  as: 


Rop  * SP>ri 
i 


(6-1) 


where  the  pj*s  represent  the  probabilities  that  certain  missions  will  be  employed  and  the  rj’s  are  the  mission 
reliabilities.  The  expressions  selected  for  the  mission  reliabilities  will  include  the  human  element.  The 
Operational  Reliability  concept  cut  be  combined  with  cost  and  personnel  constraints  and  the  human 
reliability  models  to  permit  the  optimal  allocation  of  reliability  to  man-machine  system  elements. 

6.3  Formulatioa  of  the  Allocation  Mathod 

Mission  reliability  and  operational  readiness  are  the  best  parameters  for  optimiza- 
tion because  of  their  wide  applicability.  Other  parameters  that  could  be  selected  are  mean-time-to-failure 
and  mean-time-to-repair,  but  these  should  only  be  used  as  a descriptor  of  mission  reliability  and  operational 
readiness.  Availability  may  be  used  in  place  of  operational  readiness  depending  on  the  planned  use  of  the 
system.  Bazovski  (Ref.  4)  provides  an  excellent  discussion  for  distinguishing  between  readiness  and  avail- 
ability. The  parameters  selected  provide  a direct  link  between  high  level  effectiveness  requirements  and 
component  oriented  design  parameters  such  as  MTBF,  MTTR,  and  numbers  and  skill  level  of  personnel. 

To  apply  mission  reliability  and  operational  readiness  to  the  allocation,  first  identify 
critical  functions  and  their  reliability  and  maintainability  design  parameters  and  use  these  to  write  expres- 
sions for  the  mission  reliability  and  operational  readiness  of  the  man-machine  system.  The  mission  reli- 
ability expression  plays  a dual  role  since  it  provides  an  input  to  the  expression  for  operational  reliability 
and  to  the  mission  reliability  constraint.  One  mission  reliability  constraint  equation  and  one  operational 
readiness  equation  must  be  written  for  each  mission. 

Cost  and  personnel  constraints  must  also  be  constructed.  Personnel  can  be  specified 
many  ways.  For  purposes  of  the  allocation,  the  most  convenient  way  is  to  specify  numbers  of  men  at  dis- 
crete skill  level.  This  method  allows  clear  definition  of  the  effect  of  the  human  component  on  system 
mission  reliability  and  operational  readiness.  For  example,  crew  size  and  skill  level  can  be  related  to  MTTR, 
which  also  impacts  operational  readiness  and  mission  reliability  (where  repair  is  a factor).  Numbers  and 
skill  levels  are  critical  parameters  in  the  human  reliability  models. 
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Acquiiition  cost,  support  cost,  and  life  cycle  cost  can  ell  be  used  as  constraints. 
One  important  consideration  is  that  optimizing  against  one  type  of  cost  constraint  does  not  necessarily 
optimize  against  the  others.  Regardless  of  the  cost  constraint  selected,  the  cost  of  the  system  must  be 
defined  in  terms  of  human  and  hardware  contributions  and  in  terms  of  the  basic  design  parameters  to  be 
allocated. 

The  allocation  problem  can  be  written  as  an  optimization  problem.  The  parameters 
to  be  optimized  would  be,  for  example,  function  MTBF,  function  MTTR,  and  numbers  and  skill  levels 
of  personnel.  The  problem  formulation  would  be: 

Maximize  R ■ 1 p^  (6-2) 

i 

subject  to 

Mission  reliability  * R^  > 

Operational  readiness  - Por>*m 

Personnel  * N < TT 

i 

Cost  * C<C 

Constraints  are  written  as  vectors  to  represent  the  fact  that  there  will  be  one  set  of  constraint  equations 
for  each  mission.  Equation  6-2  leads  directly  to  the  standard  form  for  optimization  problems.  Additional 
equations  which  can  be  used  in  the  optimization  process  were  given  as  equations  5-21  through  5-28. 

Conventional  methods  can  be  employed  to  solve  the  allocation  problem  for  the 
design  parameters  which  are  used  as  the  basic  set  of  variables.  Dynamic  programming  is  the  most  straight- 
forward method  of  solution.  Other  methods  can  also  be  used. 

The  presentation  of  the  formulation  of  the  allocation  problem  has  been  quite  gen- 
eral. Any  number  of  practical  situations  in  both  the  commercial  and  military  fields  can  be  represented 
according  to  the  choice  of  requirements  and  constraints.  To  show  how  one  might  apply  this  general  formu- 
lation to  a practical  situation,  a simple  example  has  been  provided  in  the  following  section.  The  example 
also  shows  how  the  mathematics  becomes  rather  complicated  even  when  a simple  system  is  analyzed. 

8.4  Sample  Allocation  Problem 

In  this  section  the  formulation  of  a specific  allocation  problem  will  be  illustrated. 
A very  simple  system  configuration,  shown  in  figure  6-1,  will  be  used.  Here,  the  X’s  and  n's  correspond  to 
failure  rates  and  repair  rates  for  their  respective  system  components.  At  this  point,  no  assumption  is  made 
about  their  mathematical  characteristics. 

For  simplicity,  the  simple  system  has  no  human  operator  functions,  but  does  have 
human  maintainer  functions,  defined  by  repair  rates.  The  malntainers  are  of  two  skill  levels,  represented 
by  E|  and  £3. 

The  system  will  be  employed  on  only  two  missions,  A and  B,  with  mission  probabil- 
ities pA  and  pg,  and  mission  times  T*  and  Tg.  Each  mission  requires  a mission  reliability,  rA  and  rg, 
and  an  operational  reliability,  X a , and  Xg.  Regardless  of  mission,  the  number  of  maintenance  men  cannot 
exceed  N and  the  cost  of  the  entire  system,  men  and  machines,  cannot  exceed  C. 
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Figure  6-1.  System  Configuration  for  Sample  Problem 


For  our  "flnt  order"  approach,  the  repair  rate  It  considered  a const  ant.  and  the 
probability  of  correct  repair  it  represented  by 


PM(0  - l-e**4* 


fft  3) 


Note  that  according  to  chapter  3,  ji.  mean  time  to  repair,  It  a function  of  personnel  number  and  skill  level 
to  that  ft  • tif nj,  nv  tip),  where  n.  and  n2  are  numbets  of  matntatners  at  each  skill  level  and  M0l*the 
equipment  configuration  impact,  P„(t),  then,  is  actually.  Pfnj,  n2,  p0;  t).  The  maintenance  power  model 
can  be  manipulated  to  show  that 


MTTR  - MMH  -E#ve  • £ 


(h4> 


where,  for  the  example 


Save  ■ 


average  sktU  level  ■ n.E,  + n5E3 


n.  ♦ 


I +n2 


is  derived  from  assignment  probabilities  and  equlpntent  repair  characteristics  at  they  Impect  repain  by 
given  numbers  of  men  at  deecribed  in  the  diecunion  of  basic  concepts. 


The  reliability  function  for  the  system  is  given  by: 
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R(Z.t)  - R(X, . Xj,  n,,  n2>  /i0,  t)  - A 


s2t  s,t 

s*e  -V -X,  t 

x e 


Sl  -S2 


(6-5) 


where 


s,  = -Vi  [3(X2  +6XjMj  +m/  ] 

s2  = -V4[3(X2+p2)+VX2J+6X2M2+iU2J] 


To  * rite  operational  readiness,  Bazovsky's  expression  must  be  modified  to  account  for  preventive 
maintenance. 


The  following  equation  provides  the  appropriate  expression  for  operational  readiness. 


P0R(Z,t)  = pQRtXp  X2,  n,.  n2.  Mo;  t)  = R(Z.t)  + SQ^OPj  (tr  < tc) 

1 (6-6) 

+ 2F|(Z,t)Pi(tr<tc) 


where  the  latter  summation  is  the  preventive  maintenance  analog  to  the  corrective  maintenance  summation 
of  Bazovsky.  For  the  example  under  consideration: 


P0R(Zd)  = R(Z;t)  + Q1(Z;t)P(M,.tc)  + 2Q2(*;t)POi2,Tc) 
+ F,(Z;t)Pi(tc)+2F2(t)P2(tc) 


(6-7) 


From  equations  6-S  and  6-7,  the  operational  reliability  expression,  the  mission  reliability  and  the  opera- 
tional readiness  constraints  can  be  written  as: 


ROP  = PAR(Z;TA)  + PBR(Z;TB) 

■*.ta  V 


(6-8) 
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R(Z,Ta)+  Q,(a;TA)POi,  .tc)t2Q2(*;TA)P(M2.‘c) 


+ F,(2;TA)P1(tc)  + 2F2(2;TA)P2(tc)  > XA 
R(2;Tb)  + Qx(Z1b)?(m{  .t^  + SQj^T^POUj.t,) 


F,(2;TB)P1(Jc)  + 2F2(2;TB)P2(tc)  > Xfi 


The  personnel  constraint  is  easier  to  write  as  follows: 


n.  +n-,  < N 


The  cost  model  can  be  written  a variety  of  ways,  depending  on  the  choice  of  cost 
model.  For  this  simplified  example,  costs  are  modeled  by: 

C hardware  * KA  (6-10) 


C personnel  ■ kn 


For  the  example,  the  total  system  cost  constraint  is  given  by: 


K0(J-.  ± )+  K,n,  + K2n2  <C 

A,  A2 


Even  with  the  simplifications  made,  a dynamic  programming  solution  is  required. 


Simulation  models  can  also  be  used  to  allocate  man-machine  reliability.  The  outputs 
of  the  human  reliability  prediction  simulations  described  in  chapters  3 and  4 can  be  combined  with  dyna- 
mic programming  algorithms  for  optimum  allocation  (figure  6-2).  These  programs  provide  output  of  suffi- 
cient detail  to  permit  suboptimization. 
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APPENDIX  A VARIABLES  AND  FORTRAN  CODES 

This  appendix  lists  and  defines  the  variables  in  the  digital  simulation  program  as  follows: 

• Appendix  A1  - variables  in  the  program  for  the  1-2  man  digital  simulation  model 

• Appendix  A2  • principal  subscript  variables  and  FORTRAN  codes  for  the  4-20 
man  digital  simulation  model 


FORTRAN  IV 

PKOQfuxm  Name. 


aid  (I , J) 


ICE (I , J) 


JAG(I.J) 


NG (JAG, J) 


PG (JAG/ J) 


INR(JAG,J) 
IP (JAG, J) 


SPOG ( JOG , JOT) 


Variable  List  for  Preprocessor 
(Subroutine  RAM) 


VzACAlption 

Average  increase  or  decrease  in  P . . for  individual 
task  elements. 

« 

It's  close  enough  indicator,  adjustment  to  within 
.01  of  the  theoretically  perfect  combination  of 
probabilities  was  considered  sufficient. 

Counter  to  determine  when  all  probabilities  have 
been  adjusted  to  acceptable  values. 

Technician  type  of  each  crewman. 

Number  of  task  element  success  probability  before 
manipulation. 

Cummulative  probability  of  success  of  task  elements 
within  each  job  activity  group. 

The  NGth  root  of  SPOG. 

The  total  potential  increase  for  all  task  elements 
in  each  job  activity  group. 

The  overall  success  probability  of  each  technician 
type  on  each  job  activity  group. 


Variable  List  for  Main  Routine 


FORTRAN  IV 
V'tcdKcun  Name. 

VeAcfUption 

Al 

Average  time  at  which  a task  was  completed 
by  operator  1 , taken  over  a run  (summary  run 
output) . 

A2 

Average  time  at  which  a task  was  completed 
by  operator  2,  taken  over  a run  (summary  run 
output) . 

A3 

Frequency  distribution-average  stress  over  a 
run  at  the  beginning  of  each  task  for  operator 

1 , (summary  run  output) . 

A4 

Frequency  distribution-average  stress  over  a 
run  at  the  beginning  of  each  task  for  operator 
2,  (summary  run  output) . 

ADDSTR 

Stress  additive. 

AFS 

Average  final  stress  over  N iterations  (summary 
run  output) . 

ALPH 

Joint  task  indicator  (detailed  output) . 

APS 

Average  peak  stress  over  N iterations  (summary 
run  output) . 

ASTS 

Average  starting  total  stress  per  task,  per 
operator . 

ATMU 

Average  time  to  complete  each  task  and  all  pre- 
ceding tasks. 

ATU 

Average  time  used  over  N iterations  (summary 
run  output) . 

ATW 

Average  waiting  time  over  N iterations  (summary 
run  output) . 

AUGSTR 

Augmented  stress=  total  strpss. 

AVD 

Average  final  goal  aspiration  difference  over 

N iterations. 

Variable  List  for  Main  Routine  (cont.) 


AVGCOH  Frequency  distribution-average  cohesivencss  for 

each  task  over  a run  (summary  run  output) . 

AVGTM  Average  task  execution  time  (input) 


\ 


t 


AVGTMD  Time  deviation-average  sigma  (input) . 


4. 


blk 

BLOCK 

COHES 

COHLAS 

CONVER 

CWAIT 

DT 

ESS 


Temporary  storage  block  for  the  calculation  of 
a success  probability  modifier. 

Average  of  ISUMF  and  ISUMI. 

Cohesiveness. 

Last  cohesiveness  value  (summary  iteration  out- 
put) . 

Conversion  constants  for  time  scaling. 

Total  time  spent  for  cyclic  wait  during  an  ite- 
ration (summary  iteration  output) . 

Difference  (time  used-time  available). 

Essentiality  indicator  (input) . 


C 


ij 


I 


F02 

GOF 

GOSF 

HEAD 

X 

1ASTS 

IAVG 

XCALX 

ICHNG 


Constants  0.02. 

Total  number  of  task  failures  during  iteration. 
Total  number  of  all  tasks  during  an  iteration. 
Designator  for  title  of  plotted  results. 

Task  number. 

Count  of  the  number  of  tasks  per  iteration. 

Count  of  successful  tasks  per  iteration. 

Indicator  for  entry/reentry  to  input  subroutine. 

Number  of  iterations  before  output  type  is  changed 
(input) . 
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Variable  List  for  Main  Routine  (cont.) 


1 

i 


> 1 


IFREQ  Frequency  distribution-number  of  items  that  each 

task  was  ignored  {summary  run  output) . 

IFREQF  Frequency  distribution-number  of  times  that  each 
indicated  task  was  failed  (summary  run  output). 

IFREQL  Frequency  distribution-number  of  times  that  each 
task  was  the  last  task  completed  (summary  run 
output) . 

IGNORE  Flag  for  essential/non  essential  tasks. 

IN  Standard  system  input  tape  number-  5. 

IND1  Idicator  for  number  of  times  random  number  gene- 

rator is  called  before  run  starts  (input) . 

IND2  Type  of  output  for  first  ICHNG  iterations  (input) . 

IND3  Subtracted  from  IND2  after  ICHNG  iterations. 

Controls  level  of  detail  of  output  for  first  ICHNG 
iterations  (input) . 

IND4  Always  equal  1 (input)  (could  be  deleted) . 

IND5  Unit  code  for  time  units  (input) . 

10  Standard  system  output  magnetic  tape  number**  6. 

IP  Other  operator*  partner 

IPKF  Frequency  distribution-number  of  times  peak 

stress  occurred  on  specific  task  (summary  run 
output) . 

IPREC  Task  precedence  (input). 

IPRECS  Temporary  for  IPREC. 

IQ  Temporary  for  NXTS. 

IRET  Indicator  for  goal  aspiration  program  segment 

entry. 

ISTRS  Task  number  on  which  peak  stress  occurred  (sum- 

mary iteration  output) . 


j* 
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H 


I sue 

ISUMI 

ISUMF 

ITASK 

ITER 

ITMUP 

J 

JP 

JT 

K 

NINPC 

NMAX 

NOTSK 

NRUN 

NTASK 

NUMCOH 

NUMIT 

NUMRUN 

NUMSUC 

NUMTRL 

NXTF 


Variable  List  for  Main  Routine  (cont.) 

Indicator  for  task  success  or  failure. 

Total  number  of  tasks  ignored  over  a run  (sum- 
mary run  output) . 

Total  number  of  task  failures  over  a run  (summary 
run  output) . 

Current  task  number. 

Iteration  number  (iteration  summary  output). 

Iterim  variable  in  the  calculation  of  the  staring 
time  for  cyclic  task. 

Operator  number. 

Other  operator  designator. 

Temporary  location  for  JP,J. 

Operator  number  (iteration  summary  output) . 

Number  of  task  data  cards,  also  the  sum  of  the 
last  task  number  for  each  operator  (input) . 

Number  of  tasks  for  the  operator  who  possess  the 
greater  number  of  tasks. 

Average  number  of  all  tasks  per  iteration  over  N 
iterations . 

Run  number. 

Number  of  tasks  assigned  to  each  operator. 

Number  of  tasks  in  which  cohesiveness  is  calculated. 
Number  of  iterations  per  run  (input) . 

Number  of  runs  (input) . 

Number  of  iteration  successes  per  run. 

Trial  number. 

Number  of  next  task  if  current  task  is  failed 
(input) . 
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I NXTJ  Next  teak  indicator  for  current  operator  on  special 

I jump  task. 


NXTJP  Next  task  indicator  for  partner  on  special  jump  task. 

NXTS  Number  of  next  task  if  current  task  is  successful 

(input).  (i,j)# 

OT  Indicator  of  task  success  (blank) , failure  (P) , or 

ignore  (I) . 


Overrun/underrun  indicator  (iteration  summary  out- 
put) . 

Performance-  number  of  success/total  number  of 
tasks. 

Constant-  3.141... 

Average  probability  of  task  success,  probability 
that  next  task  will  be  NXTS. 

# 

Period  for  cyclic  tasks  (input  parameter) . 

Percentage  of  iteration  successes  in  a run. 

Three  dimensional  array  for  storage  of  dependent 
variable  plots. 

Three  dimensional  array  for  storage  of  independent 
variable  plots. 

Random  number  normally  distributed  with  mean-  0, 
and  sigma-  1. 

Success/failure  indicator. 

Individuality  factor  (input  parameter) . 

Stress  threshold  (input  parameter). 

Stress,  also  final  stress  at  end  of  iteration. 

Peak  stress  of  an  iteration  (summary  iteration  out- 
put) . 
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Variable  List  for  Main  Routine  (cont.) 

SUMCOH  Sum  cohesiveness  values  over  an  iteration. 

SUMTF  Total  time  of  all  failed  tasks  over  a run  (run 

summary  output) . 

SWATT  Average  cyclic  wait  over  N iterations  (summary  run 

output) . 

T1  Temporary  for  total  time  remaining. 

T2  Temporary  for  time  remaining  for  essential  tasks. 

T3  Temporary  for  time  remaining  for  non-essential 

tasks . 

TEMP  Larger  of  two  operators'  time  available. 

TIME  Task  execution  time. 

TITLE  First  card  of  input. 

TMAVA  Time  available  for  mission  (input  parameter) . 

TMBEG  Temporary  for  the  time  of  beginning  a task. 

TMLE  Sum  of  time  remaining  for  essential  tasks. 

TMLN  Sum  of  time  remaining  for  non-essential  tasks. 

TMU  Total  time  used  for  all  prior  tasks  for  current 

oper a tor 

TOTALT  Total  time  used  for  iteration  (summary  iteration 
output) . 

TOTTMI  Task  waiting  time  (detail  output) . 

TOTTMS  Total  waiting  time  (summary  iteration  ouput) . 

TSUMTF  Frequency  distribution-total  time  spent  in  failed 

tasks  (summary  run  output) , also  average  of  above 
over  a run) . 

TWOPI  2 • PI**  6.28. . . 

XRAND  Random  number  uniformly  distributed  in  interval  0 - 


Principle  Subscript  Variables 


FORTRAN 

Maximum 

FORTRAN 

Variable 

Value 

Maximum 

Event  number* 

IE 

200 

IEMAX 

Event  type 

IETYP 

30 

- 

Day  number 

ND 

30 

NDMAX 

Consumable 

L 

10 

LMAX 

Spare  parts 
consumable 

LI 

10 

LMAX1 

Type  of  personnel 

NT 

10 

NTKAX 

Next  event  alternative 

IA 

3 

— 

Command  eschelon 

(Also  called  level  or  rank) 

ICE 

4 

— 

1 . officer 

2.  senior  p.o. 

3.  junior  p.o. 

4.  unrated 


Type  of  emergency 

K 

10 

KMAX 

Equipment 

IQ 

30 

IQMAX 

Crew  member 

M 

20 

IC 

Consumable  threshold 

ITS1 

10 

ITNAX1 

(units) 

Consumable  threshold  set 

ITS 

10 

ITSMAX 

(units/time) 

Sea  state 

IS 

9 

ISMAX 

Group  member 

IG 

20 

NB 

Duty  shifts 

NDS 

6 

NDSMAX 

Equipment  type 

JET 

4 

JETMAX 

1.  mechanical 

2.  electromechanical 

3.  electrical 

4.  electronic 

Data  change  value 

IEDCV 

3 

IEDCUM 

♦Scheduled  events  are  numbered  1-200.  Repair  event  families  are  given  numbers 
201-560  since  each  of  the  30  equipment  repairs  nay  call  for  a family  of  up 
to  12  repair  events.  Emergency  events  are  given  numbers  561-570  by  the  program 
corresponding  to  emergency  types  1-10. 
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INPUT  Subroutine 
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FORTRAN  Description 


AASP 

ACP 

ADUR 

ADURIO 

APST 

ART 

ASD 

ASDE 

BE 

CALRY 

CN 

DI 

DTBE 

DTE 

DTR 

DUMY 

EDCV 

EMREVT 

EQREVT 

FP1 

FP2 

FP3 

FP4 

FP5 

GBG 

I 

I CLASS 

IDES 

IDF 

IDS 

I EC 

IECE 

IE  DC 

IEFN 

IEFNX 

IERR 

I ESS 

I ESSE 
IET 
IETYP 
IFOI 
IGRG 
IH 
IHE 

II 
IND 
I NT 
IP1 
IP2 


Average  aspiration 
Average  crew  pace 

Average  duration  of  scheduled  event 
Internal  variable 

Average  psychological  stress  threshold 
Average  repair  time 
Average  standard  deviation  of  repair 
Average  standard  deviation  of  emergency 
Effectivity  of  stress 

Number  of  calories  required  by  average  crewman  per  day 
Catnap  length 

Alphanumeric  descriptor  array 
Duration  time  between  emergencies 
Duration  time  of  emergencies 
Duration  time  of  repairs 
Internal  variable 

Data  change  value  , . 

Emergency  event  data  set 
Repair  event  data  set 
Internal  variable 
Internal  variable 
Internal  variable 
Internal  variable 
Internal  variable 
Internal  variable 
Internal  variable 
Class 

Description  array 

Day  number  of  next  failure  for  each  piece  of  equipment 

Number  of  duty  shifts 

Expected  energy  consumption 

Expected  energy  consumption  for  emergency 

Data  change  variable 

Family  number 

Temporary  variable 

Error  branch 

Essentiality 

Emergency  essentiality 

Essentiality  threshold 

Event  number 

Event  number  in  family 

Internal  array 

Event  hazard  class 

Event  hazard  class  (emergency) 

Index  variable 

Printout  option  indicator  array 
Event  code 
Internal  variable 
Internal  variable 


A-16 


ii  ...  l 


r 


FORTRAN 

IP3 

IP4 

IPS 

IPE 

IPERCT 

IQR 

IRC 

IRC1 

IRCE 

IRCE1 

IRE 

IREX 

ITEM 

ITER 

J 

JJ 

K 

K1 

K7 

KASE 

KE 

KK 

KON 

KON1 

KONT 

KONTI 

LODM 

DODME 

MAXSL 

MEN 

MM 

MPI 

N 

ND 

NDBE 

NOMAX 

NOS 

NEME 

NEQRE 

NFP1 

NFP2 

NFP3 

NFP4 

NFP5 

NIF 

NIP1 

NIP2 

NIP3 

NIP4 


l 1 


Description 


INPUT  Subroutine 


Internal  variable 
Internal  variable 
Internal  variable 
Prerequisite  event 
Internal  variable 
Equipment  list 

Consumable  rate  of  expenditure  (units/hours) 

Consumable  rate  of  expenditure  (units) 

Consumable  rate  of  expenditure  (units/hours) — emergencies 

Consumable  rate  of  expenditure  (units) — emergencies 

Number  of  repair  events 

Repair  event  number  maximum 

Ten*x>rary  variable 

Iteration  number 

Index  variable 

Index  variable 

Type  of  emergency 

Physical  capacitation  fraction 

Derating  constant 

Case  number 

Event  end  type 

Index  variable 

Initial  level  of  consumables  (units/hours) 

Initial  level  of  consumables  (units) 

Threshold  consumables  (units/hours) 

Threshold  consumables  (units) 

Mental  load 

Mental  load  for  emergency 
Maximum  sleep 
Crew  composition  array 
Internal  variable 

Average  number  of  man  days  per  indidence  of  physical  incapacitation 
Number  of  iterations 
Number  of  days 

Number  of  days  between  emergencies 
Maximum  number  of  days 
Duty  shift 

Number  of  emergencies 

Number  of  equipments  required 

Internal  variable 

Internal  variable 

Internal  variable 

Internal  variable 

Internal  variable 

Number  of  family 

Internal  variable 

Internal  variable 

Internal  variable 

Internal  variable 
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Description 


INRUT  Subroutine 


NIPS 

NIQR 

NOSE 

NREQ 

NTYPES 

NX 

PARAM 

FERSNL 

PID 

PPFQ 

PPNQ 

PP|»Q 

FRB 

PTT 

PTTT 

PNRRT 

RELH 

KEL1 

RTU 

SCHEVT 

SESTA 

SIGHT 

SLEEP 

SPFfi 

SPNQ 

SPUQ 

ST 

TFAT 

TL 

TS 

TS1 

TSE 

TSE1 

TSR 

TSRl 

TUI 

TYPE 

USHLIM 

WORK  I 

WORK  2 

WT 

2PC 


Internal  variable 
Equipment  used  array 
Nuaber  of  scheduled  events 

Number  of  men  required  by  type  for  eaerqency 
Nuaber  of  types 

Next  event  nuaber  for  each  alternative 
Coaaon  block 
Co— on  block 

Average  duration  of  physical  incapacity 

Per  cent  fully  qualified  in  priaary  specialty 

Per  cent  aoderately  qualified  in  priaary  specialty 

Per  cent  unqualified  in  priaary  specialty 

Probability  for  each  alternative  path 

Cross  training  probability  table 

Coaaon  block 

Average  short  term  power  output 
Equipaent  reliability 
Interaittent  reliability 
Repair  touchup  code 
Internal  variable 
Sea  state 

Standard  deviation  of  body  weight 

Nuaber  of  hours  since  last  eight  hour  sleep  period 

Per  cent  fully  qualified  in  secondary  specialty 

Per  cent  ainiaally  qualified  in  secondary  specialty 

Par  cent  unqualified  in  secondary  specialty 

Earliest  starting  time  allowed 

Fatigue  threshold 

Time  limit  by  which  event  must  be  completed 
Consumable  threshold  set  identifier  (un its/hours) 
Consumable  threshold  set  identifier  (units! 

Threshold  set  for  consumables  below  which  event  is  ignored 
(units/hours) 

Threshold  set  for  consumables  below  which  event  is  ignored 


^niti?  f°r  COnS1*Mb‘ea  h®10"  —agency  is  ignored 

Threshold  set  for  consumables  below  which  emergency  is  ignored 
(units/hours) 

Intermittent  reliability 
Internal  variable 

Per  cent  threshold  for  unmanned  station  hours 

Number  of  hours  worked  after  which  no  new  work  assignment  is  made 
Number  or  hours  worked  after  which  no  new  work  is  authorised 
Mean  body  weight 
Physical  capability  constant 
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FORTRAN 

EF 

EH 

EMTBF 

EMTTR 

EPEFF 

epl  r. 

ES 

ESSS 

ETEM 

EXER 

FAT 

FDIFF 

FLIC 

FLIG 

FLOAT 

FUNC 

GASP 

GPACE 

GPCC 

GPERF 

GSTR 

GSTRM 

HEADR 

HR 

IIRSE 

IIKSR 

HRSS 

HSLS 

I 

IAA 

IC 

ICE 

ICLASS 

ICML 

ICSS 

IDC 

IDCMX 

IDE 

IDF 

IDFFF 

IDIFR 

IDIFR 

IDIFF 

IDS 

IE 

IEC 

IECE 

IE  DC 
IEFN 


Description 

Goodness  of  physical  capability  value 
Event  hazard 

Equipment  meantime  between  failures 
Equipment  meantime  to  repair 
Equipment  performance  effectiveness 
Equipment  performance  level 
Goodness  of  stress  value 
Temporary  variable 
Temporary  variable 

Overexertion  factor  used  in  physical  capability  calculation 
Fatigue  level  for  each  man  in  crew 
Failure  difference 
Number  of  men  in  crew 

Number  of  crew  members  in  group  participation  in  current  event 

Conversion  to  real 

Function 

Group  aspiration  level 

Group  pace  value  used  in  performance  time  calculation 

Group  physical  capability 

Group  performance 

Group  stress 

Group  stress  threshold 

Program  header 

Hazard  ratio  used  in  SI  calculations 

Total  man  hours  worked  on  emergency  events  for  the  day 
Total  man  hours  worked  on  repair  events  for  the  .day 
Total  man  hours  worked  on  scheduled  events  for  the  day 
Number  of  hours  since  last  slept  for  each  man  in  crew 
Index  variable 

Number  of  men  in  crew  for  each  echelon 
Maximum  number  of  crewmen 
Command  echelon  for  each  crewman 
Class 

Event  with  maximum  CML  for  the  day 
Current  sea  state 

Calories  expended  for  the  day  for  each  crewman 

Event  with  maximum  calories  expended  for  the  day 

Day  number  of  next  occurrence  for  each  emergency  event 

Day  number  of  next  failure  for  each  piece  of  equipment 

Internal  variable 

Internal  variable 

Internal  variable 

Internal  variable 

Number  of  duty  shifts 

Event  number 

Expected  energy  consumption  during  event  (calories  per  hour) 
Expected  energy  consumption  during  emergency  event 
(calories  per  hour) 

Data  change  variable 
Family  number 
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FORTRAN  Description 


AASP 

ABS 

ACAL 

ACART 

ACP 

ACDT 

ACUT 

ADUR 

ADUR2 

ADURIO 

AEPL 

AMAX1 

AMIN1 

APA 

APST 

APW 

ART 

ASD 

ASDE 

ASP 

ATEM 

BE 

BLANK 

BTEM 

CAL 

CALR 

CALRY 

CART 

CASP 

CCAL 

CCX 

COT 

CLSOTA 

CLSDTR 

CHL 

CMLMX 

CN 

CTEM 

CUT 

DEPEFF 

DI 

DS 

DTBE 

DTE 

DTEM 

DTR 

EA 

EC 

EDCV 


Average  aspiration 
Absolute  value 

Calories  expended  since  last  slept  for  each  nan  in  crew 

Average  repair  time  per  day 

Average  crew  pace 

Average  dow  time  per  day 

Average  up  time  per  day 

Average  duration  of  scheduled  event  (hours) 

One  half  of  average  duration 

Average  duration  of  scheduled  event  in  type  data 
Average  equipment  performance  level 
Maximum  value 
Minimum  value 

Average  performance  adequacy 
Average  psychological  stress  threshold 

Average  physical  workload  for  the  day  for  each  man  in  crew 

Average  repair  time 

Standard  deviation  of  ADUR 

Average  standard  deviation  (emergency) 

Level  of  aspiration  at  beginning  of  iteration  for  each  man  in  crew 
Temporary  variable 

Effectivity  stress  on  performance  on  a no-stress  state 
Temporary  variable 
Temporary  variable 

Average  calories  expended  per  day  for  each  man  in  crew 
Intermediate  calculation  used  in  crew  selection  process 
Number  of  calories  requi red  by  average  crewman  per  day 
Current  average  repair  time 

Current  level  of  aspiration  for  each  man  in  crew 
Calories  expended  for  the  event  for  each  man  in  crew 
Initial  crew  competence 
Current  downtime 

Internal  array  for  summary  by  event  class 
Internal  array  for  summary  by  event  class 
Crew  mental  load 

Maximum  crew  mental  load  obtained  for  an  event  during  the  day 
Catnap  length.  Below  considered  rest.  Above  is  sleep. 

Temporary  variable 
Current  uptime 

Average  equipment  performance  effectiveness 
Alphanumeric  descriptor  array 

Aaxtunt  of  sleep  for  the  day  for  each  man  in  crew 

Duration  time  between  emergencies 

Duration  time  of  emergencies 

Temporary  variable 

Duration  time  of  repair 

Goodness  of  aspiration  value 

Goodness  of  competence  value 

Data  change  value 


A-  20 


i 


t 


FORTRAN 


Description 


MAIN  Program 


If 

}‘t 


I 


I i 


i. 


1EIE 

IEMAX 

IESS 

I ESSE 
IET 
IETYP 

I EVENT 

IFIRST 

IFOI 

IGAP 

IGIND 

IGNOR 

III 

IHE 

II 

III 
IKONC 
IKONE 
IND 
INIF 
INIQ 
INT 
INVS 
IOIF 
IPE 

I PET 

IPI 

IPS 

IPSS 

IPTR 

IQMAX 

IQR 

IRC 

IRC! 

IRCE 

IRCE1 

IRE 

ISIE 

ISS 

1ST 

ISN1 

ITAP 

ITEM 

ITER 

ITRY 

ITYPE 

IXDF 

IXDF1 

J 


Counter  for  number  of  different  events  attempted  for  the  day 

Maximum  number  of  events 

Event  essentiality 

Emergency  event  essentiality 

Essentiality  threshold.  Determines  ignores. 

Event  type  number 

Event  to  be  simulated  for  the  day 

Temporary  variable 

Group  member 

Internal  variable 

Indicator  for  cause  of  ignored  event 
Indicator  for  ignored  event  (1=  event  ignored) 

Event  hazard  class  (1-3=  low,  4-6=  medium,  7-9=  heavy) 

Event  hazard  class  (emergency) 

Index  variable 
Index  variable 
Internal  variable 
Internal  variable 

Indicators  for  output  recording  options 
Internal  variable 
Internal  variable 

Event  code  (1«  normal,  2=  training) 

Inverse  pointer  array 
Operator  induced  failure 
Prerequisite  event 
Previous  event  indicator 
Incomplete  processing  indicator 
Primary  specialty  for  each  crewman 

First  20  slots  same  as  IPS,  second  20  slots  same  as  ISS 
Pointer  array  for  events 

Maximum  number  of  pieces  of  equipment  for  repair  events 
Equipment  list 

Consumable  rate  of  expenditure  (units/hours) 

Consumable  rate  of  expenditure  (units) 

Consumable  rate  of  expenditure  for  emergencies  (units/hours) 
Consumable  rate  of  expenditure  for  emergencies  (units) 

Number  of  repair  events 
Internal  variable 

Secondary  specialty  for  each  man  in  crew 

Internal  variable 

Internal  variable 

Tape  option 

Temporary  variable 

Current  interaction 

Counter  for  number  of  attempts  with  current  event 

Type  for  which  man  was  selected  for  event  for  each  man  in  group 

Internal  variable 

Internal  variable 

Internal  variable 
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FORTRAN 

JI 

JJ 

JNDS 

K 

K1 

K7 

KA 

KASE 

KE 

KIND 


r 


KK 

KMAX 

KON 

KONl 

KONC 

KONC1 

KONE 

KONE1 

KONT 

KONT1 

KOUNT 

LI 

LL 

LMAX 

LMAX1 

LOOM 

LODME 

LSHIFT 

M 

MA 

MAT 

MAVAIL 

MAXSL 

MAXST 

MAXSTE 

MCHSN 

MEN 

MPCC 

MPI 

N 

ND 

NDAYS 

NDBE 

NDMAX 


MAIN  Program 


Description 

Internal  variable 
Internal  variable 
Internal  variable 
Type  of  emergency 

Fraction  to  which  a man’s  physical  capability  is  reduced 
Derating  constant  for  acceptable  performance 

Number  of  crew  members  available  for  selection  for  current  event 
Case  number 

Event  end  time  type  (1=  fixed  end,  2-  variable  end) 

Indicator  in  group  selection  process  (0=  searching  primary 
specialties,  1=  secondary) 

Internal  variable 

Maximum  number  of  types  of  emergency  evonLs 
Initial  level  of  consumable  (units/hours) 

Initial  level  of  consumable  (units) 

Current  consumable  level  for  each  consumable  (units/hours) 

Current  consumable  level  for  each  consumable  (units) 

Consumables  expended  for  the  event  for . each  man  in  group 
Consumables  expended  (units) 

Consumable  threshold  (units/hours) 

Consumable  threshold  (units) 

•Internal  variable 

Crewman  chosen  as  leader  for  this  event 
Internal  variable 

Maximum  number  of  consumables  (units/hours) 

Maximum  number  of  spare  parts  consumables  (units) 

Event  mental  load  (1-3  light,  406  medium,  7-9  heavy) 

Mental  load  (emergencies) 

Internal  variable 
Crewman  number 

Man  selected  for  the  event  by  type 
Man  selected  for  the  event 
Man  selected  for  the  event 
Maximum  sleep  permitted  per  day  (hour) 

Maximum  stress  obtained  for  any  event  during  the  day 

Event  on  which  maximum  stress  was  obtained 

Indicator  for  man  selected  for  the  event  (0-  not  selected; 

1=  selected) 

Crew  composition,  number  of  men  of  each  type  by  crew  selection 
Maximum  physical  capability  for  the  day  for  each  man  in  crew 
Average  number  of  man  days  per  indices  of  physical  incapacitation 
Number  of  mission  iterations  per  computer  run 
Number  of  days,  current  number 

Total  number  of  days  in  the  simulation  (updated  after  each 
iteration  completed) 

Number  of  days  between  emergencies 
Maximum  number  of  days 
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FORTRAN 

NOS 

NE 

NEME 

NEQRE 

NEALE 

NIF 

NIGNR 

NIQR 

N EASES 

NKOtJNT 

NN 

NOFAIL 

NOIF 

NOIFT 

NOSE 

NOSE  I 

NOSUC 

NPI 

NPRFM 

NPTR 

NR 

NREPT 

NRKQ 

NREQE 

NREQT 

NS 

NSUC1 

NSUC2 

NTMAX 

NU 

NUMFAM 

NX 

PA 

PACE 

PAF 

PC 

PCC 

PCDUM 

PCOM 

PEA 

PEFF 

PERF 

PI 

PI  2 

PID 

PPFQ 

PPNO 

PPUO 

PRB 

PSCOM 


MAIN  Program 


Description 
Duty  shifts 

Number  of  emergency  events  to  be  simulated  this  dey 

Temporary  variable 

Number  of  equipments  (emergencies) 

Number  of  failures  for  this  day 
Number  in  family 

Number  of  ignored  events  for  this  day 
Number  of  equipments  in  repair 
Number  of  cases 
Internal  variable 
Temporary  variable 

Number  of  failures  for  iteration  for  each  crewman 
Number  of  operator  induced  failures  (counter) 

Total  number  of  operator  induced  failures 
Number  of  scheduled  events 
Temporary  variable 

Number  of  successes  for  iteration  for  each  man  in  crew 
Number  of  crewmen  to  be  incapacitated  thin  day 
Number  of  events  performed 
Pointer  array  if  in  event  sequencing 

Repair  number,  number  of  repair  events  to  be  simulated  this  day 

Number  of  events  repeated  this  day 

Number  of  men  of  each  type  required  by  event 

Number  of  men  of  each  type  required  for  an  emergency 

Number  of  men  required  for  the  event  for  each  type 

Sickness  indicator  for  each  man  in  crew  (&>  well,  1-  sick) 

Number  of  successes  on  the  first  try  this  day 

Number  of  successes  on  the  second  try  this  day 

Maximum  number  of  types  of  personnel 

Number  of  successes  for  the  day  for  each  crewman 

Number  of  families 

Next  event  number  for  each  alternative 

Performance  adequacy 

Working  pace  for  each  man  in  crew 

Pace  adjustment  factor  used  in  calculations  GPACE 

Physical  capability  at  iteration  start  for  each  crewman 

Current  physical  capability  for  each  crewman 

Equipment  to  PPFQ,  PPMy,  FPU,  SPFQ,  SPMQ,  SPlig 

Primary  competence  for  each  crewman 

Temporary  variable 

Performance  effectiveness 

Performance  level  for  each  crewman 

Physical  incapacity  for  each  crewman 

Number  of  future  dayH  of  physical  incapacity  for  each  crewman 
Average  duration  of  physical  incapacity  (days) 

Per  cent  of  crew  fully  qualified  in  primary  specialty 
Per  cent  of  crew  minimally  qualified  in  primary  specialty 
Per  cent  of  crew  unqualified  in  primary  s(>ecia)ty 
Probability  of  each  alternative  path  after  current  event 
PCOM  (1-20)  and  SCOM  (1-20) 
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FORTRAN  Description 


MAIN  1‘roqrum 


PSESIC 

PT 

PTR 

PTT 

PWR 

PWRRT 

REUI 

RE  LI 

REPAIR 

REPTM 

RSSUC2 

RTEMP 

RTU 

SCON 

SCDTIQ 

SEP 

SESTA 

SF 

SFDIFF 

SFTHRS 

SGEH 

SI 

SIDC 

SIDCMX 

SIGVfT 

SLEEP 

SPFQ 

SPL 

SPMQ 

SPUQ 

SRL 

ST 

STAR 

STRM 

SUCC 

TAVAIL 

SUCC 

TEH 

TEMl 

TEM2 

TEM3 

TEMP 

TFAT 

THM 

TITLE 

TL 

TPCOM 


Per  cent  seasick 

Performance  time  for  each  event 

Sequencial  order  of  events  for  the  day 

Cross  training  probability  table.  Given  primary  by  secondary. 
Average  short  term  power  output  rate  for  each  crewman 
Average  short  term  power  output  rate  for  average  crewman 
(calories/hour si 
Equipment  reliability 
Intermittent  reliability 

Variable  to  determine  if  event  is  repair  event 
Repair  time 

Number  of  repair  successes  on  second  try 
Temporary  variable 

Action  if  event  performance  is  unsat isfactory  II-  repeat, 

2-  touchup,  3-  no  action) 

Secondary  competence  for  each  man  in  crew 
Summation  of  down  time 
Efficiency  factor 
Sea  state 

Slowness  factor  used  in  computing  GRACE 
Failure  difference 
Shift  hours 

System  general  effectiveness  measure 
Safety  index 

Total  calories  expended  this  event 

Maximum  SIDC  for  any  event  this  day 

Standard  deviation  for  work  time 

Number  of  hours  since  last  8 hour  sleep  period 

Per  cent  of  crew  fully  qualified  by  crewman  at  mission  start 

System  performance  level 

Per  cent  of  crew  minimally  qualified  in  secondary  specialty 
Per  cent  of  crew  unqualified  in  secondary  specialty 
System  reliability  level 
Earliest  starting  time  allowed  (hours) 

Star 

Psychological  stress  for  each  crewman 

Evaluation  indicators  for  each  man  eligible  for  the  event 

Testing  criterion  for  each  man  eligible  for  the  event 

Evaluation  indicators  for  each  man  eligible  for  the  event 

Total  event  hasard  for  the  day 

Temporary  variable 

Testporary  variable 

Temporary  variable 

Temporary  variable 

Fatigue  threshold  below  which  sleep  is  not  authorised 
Total  hours  worked  for  the  crew  for  the  day 
Program  title 

Time  limit  by  which  event  must  be  completed  (hours) 

Temporary  primary  competence 
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FORTRAN  Description 

TPSCOM  Temporary/aecondary  competence  array 

TS  Consumable  threshold  set  identifier  (units/hour) 

TS1  Consumable  threshold  set  identifier  (units) 

TSCOM  Temporary  secondary  competence 

TSE  Consumable  threshold  for  emergencies  (units/hours) 

TSE1  Consumable  threshold  emergencies  (units) 

TUI  Intermittent  failure  rate 

TW  Working  time  for  the  day  for  each  crewman 

TOP  Working  time  in  primary  specialty  for  each  crewman 

TWS  Working  time  in  secondary  specialty  for  each  crewman 

USH  Unmanned  station  hours  for  the  current  event 

USHLIM  Per  cent  threshold  for  unmanned  station  hours 

USHT  Total  unmanned  station  hours  for  the  day 

V Value  of  time  function  used  in  computing  performance  time 

WH  Time  since  last  event  participation  for  each  crewman,  wait  hours 

WORKl  Number  of  hours  worked  after  which  no  new  assignments  are  made 

WORK  2 Number  of  hours  worked  after  which  further  work  is  not  authorized 

WT  Mean  body  weight  of  total  population  (lbs) 

YU  Internal  variable 

Z Last  real  time  worked  this  day  for  each  crewman 

Z1  Earliest  time  when  all  group  members  are  available 

22  Earliest  time  current  event  can  begin 

ZC  Real  time  of  completion  for  each  event 

ZPC  Physical  capability  constant 

ZTEMP  Temporary  variable 


IPUYSN  Function  Subprogram 


FORTRAN 

Daacription 

IPUYSN 

Uniform  probability  taat  function 

K 

Taaqporary  probability  variabla 

PAR 

Typo  of  amargancy 

TEST 

Tamporary  variabla 

Y 

Tamporary  variabla 

F BUILD  Function  Subprogram 


FORTRAN 

Daacription 

F BUILD 

Function  subprogram 

H 

Tamporary  variabla 

HSUS 

Houra  ainca  laat  alapt 

TKM1 

Tamporary  variabla 
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OUTPUT  Subprogram 


FORTRAN 

Description 

AASP 

Average  aspiration 

ACART 

Average  repair  time  per  day 

ACDT 

Average  down  time  per  day 

ACP 

Average  crew  pace 

ACUT 

Average  up  time  per  day 

ADALY 

Internal  array  for  daily  summary 

AEPL 

Average  equipment  performance  level 

APA 

Average  performance  adequacy 

APST 

Average  psychological  stress  threshold 

APW 

Average  physical  workload 

ASP 

Aspiration 

ASPA 

Temporary  aspiration 

AVACA 

Total  ACART  per  day 

AVACD 

Total  ACDT  per  day 

AVACU 

Total  ACUT  per  day 

AVAEP 

Total  AEPL  per  day 

AVDEP 

Total  DEPEFF  per  day 

BE 

Effectivity  of  stress  on  performance 

CAL 

Average  calories  expended  per  day  for  each  man 

in  crew 

CALRY 

Number  of  calories  required  by  average  crewman 

per  day 

CART 

Current  average  repair  time 

CARTI 

Internal  array  for  average  repair  time 

CASP 

Current  aspiration 

CCAL 

Current  calorie  level 

CDT 

Current  down  time 

CDTI 

Internal  array  for  downtime 

Cl 

Blanks 

CLSDTA 

Internal  array  for  summary  by  event  class 

CLSDTI 

Internal  array  for  summary  by  event  class 

CLSDTR 

Internal  array  for  summary  by  event  class 

CML 

Crew  mental  load 

CMLMX 

Crew  mental  load  (maximum) 

CN 

Catnap  length 

CUT 

Current  up  time 

CUTI 

Internal  array  for  uptime 

DALY 

Output  array 

DEPEFF 

Average  equipment  performance  effectiveness 

Dl 

Alphanumeric  description  array 

DS 

Amount  of  sleep  for  the  day 

EDCV 

Data  change  value 
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OUTPUT  Subroutine 


FORTRAN 

EMTBF 

EHTTR 

EPEFF 

EPL 

EQYPTA 

EOYPTA 

FAT 

FD 

F EMTBF 
FLIC 
FLITER 
FLOAT 
FNTE 
HMNAV 
HMNRL 
HMTTR 
HRSE 
HRSR 
HRSS 
HSLS 
tiSLSA 
1 

IAA 

IC 

ICF 

ICML 

ICSS 

IDALY1 

I DC 
ZDCMX 
IDPR 
IEDC 
IEFN 
IET 
IETYP 
IFOI 

I I TEH 
IJ 

IK0NC 

IMTAB 

IND 

IPE 

IPS 

IQMAX 

ISS 

ITER 

J 

JITER 

K 

K1 


Description 

Equipment  mean  tine  between  failures 
Equipment  nean  time  to  repair 
Equipment  performance  effectiveness 
Equipment  performance  level 
Equipment  availability 
Equipment  reliability 
Fatigue 

Temporary  variable 

Equipment  MTTR 

Crew  size  (floating  point) 

Iteration  (floating  point) 

Floating  point 

Number  of  total  events  (floating  point) 

Human  availability 
Human  reliability 
Human  MTTR 

Hours  worked  on  emergency 
Hours  worked  on  repairs 
Hours  worked  on  scheduled  events 
Hours  since  last  slept 

Reinitialization  of  hours  since  last  slept 

Internal  variable 

Crew  echelon  number 

Maximum  number  of  crewmen 

Command  eschelon 

Crew  mental  load 

Current  sea  state 

Internal  array  for  daily  summary 

Data  change 

Data  change  maximum 

Repair  identification 

Data  change  variable 

Family  number 

Essentiality  threshold 

Event  type  number 

Event  number  in  family  code 

Temporary  variable 

Internal  variable 

Internal  variable 

Output  array 

Indicators 

Prerequisite  event 

Primary  specialty 

Maximum  number  of  pieces  of  equipment  or  repair  events 

Secondary  specialty  for  each  man  in  crew 

Iteration 

Temporary  variable 

Internal  array  for  daily  summary 

Type  of  emergency 

Fraction  to  which  a man's  physical  capability  is  reduced  after 
daily  quota  is  done 
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OUTPUT  Subroutine 


FORTRAN 

K7 

KK 

KON 

KONl 

KONC 

KONCi 

KONT 

KONT1 

MAXSL 

MAXST 

MAXSTE 

MPCC 

N 

NISI 

NO 

NO  AYS 
NDMAX 
NE 

NEME 

NEQRE 

NFALE 

NIF 

NIGNR 

NOSE 

NPRFH 

NR 

NREI 

NREPT 

NSUC1 

NSUC2 

NTF 

NTIPL 

NU 

NX 

OUTA 

OUTB 

PACE 

PACEA 

PC 

PCA 

PCC 

PCOM 

PCOMA 

PEFF 

PERF 

PX 

PI2 

PIA 

PRR 


Description 

Derating  constant  for  acceptable  performance 
Internal  variable 

Initial  level  of  consumable  (units/hours) 

Initial  level  of  consumables  (units) 

Current  consumable  level  (units/hours) 

Current  consumable  level  (units) 

Consumable  threshold  (units/hours) 

Consumable  threshold  (units) 

Maximum  sleep  permitted  per  day 

Maximum  stress  for  any  event 

Event  of  maximum  stress 

Maximum  physical  capability 

Number  of  iterations 

Internal  variable 

Number  of  days 

Days  in  simulation 

Maximum  number  of  days 

Number  of  emergency  events 

Temporary  variable 

Number  of  equipments  emerging 

Number  of  failures  this  day 

Number  in  family 

Number  of  events  ignored 

Number  of  scheduled  events 

Number  of  events  performed 

Number  of  repairs 

Total  repairs  for  the  run 

Number  of  repeats 

Number  of  successes  in  first  try 

Number  of  successes  in  second  try 

Total  number  of  events 

Number  of  men  in  each  type 

Number  of  daily  successes  by  crewman 

Next  event  number  for  each  alternative 

Internal  array 

Output  array 

Working  pace 

Reinitialisation  of  work  pace 
Physical  capability 

Reinitialization  of  physical  capability 
Current  physical  capability 
Primary  competence 

Reinitialization  of  primary  competence 
Performance  effectiveness 
Performance  level  by  crewman 
Physical  incapability 

Number  of  future  days  of  physical  incapacity  for  each  crewman 
Reinitialization  of  physical  capacity  by  crewman 
Probability  for  each  alternative  path  after  current  event 
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FORTRAN 

PWR 

PWRRT 

RE  LI 

RENT 

RENTR 

REPTH 

REPTMD 

RSSUCZ 

RSSUC20 

RST0T 

RTO 

SCDTIQ 

SCOM 

SCOMA 

SESTA 

SFDIPF 

SGEM 

SI 

SIDMX 

SLEEP 

SPL 

SRL 

ST 

STEM 

SYSA 

SYSRL 

T3 

TOALY 

TEH 

TEMi 

TEM3 

TEAT 

TIITER 

TL 

TOT 

TOUTA 

TPCOM 

TS 

TS1 

TSCOM 

TW 

TVIP 

TWS 

USHT 

USHLIM 

NDRK1 

WORK  2 

ZTEM 


OUTPUT  Subroutine 


Description 


Average  short  tern  output  for  average  crewman 
Average  short  term  output  for  average  crewman 
Intermittent  reliability 

Temporary  variable  for  equipment  mean  time  between  failure 
Temporary  variable  for  equipment  mean  time  to  repair 
Repair  time 
Repair  time  per  day 

Number  repair  successes  on  second  try 
Internal  variable 

Total  number  of  successes  on  second  try  for  all  iterations 

Action  if  event  performance  is  unsatisfactory 

Summation  of  CDT 

Secondary  competence 

Secondary  competence  reinitialised 

Sea  state 

Failure  difference 
General  system  measure 
Safety  index 

Maximum  calories  expended  for  this  event 
Number  of  hours  since  last  8 hour  sleep  period 
System  performance  level 
System  reliability  leve; 

Earliest  starting  time  allowed  (hours) 

Stress  threshold 
System  availability 
System  reliability 
Temporary  variable 
Daily  total  output  array 
Total  daily  event  hazard 
Temporary  variable 
Temporary  variable 
Fatigue  threshold 
Iteration  summary  array 

Time  limit  by  which  event  must  be  completed  (hours) 

Internal  variable 
Internal  array 

Temporary  primary  competence 

Consumable  threshold  set  identification  (units/hours) 

Consumable  threshold  set  identifier  (units) 

Temporary  secondary  competence 
Time  worked 
Time  worked  in  primary 
Time  worked  in  secondary 
Unmanned  station  hours 

Per  cent  threshold  for  unmanned  station  hours 
Number  of  hours  worked  after  which  no  new  assessment  is  made 
Number  of  hours  worked  after  which  further  work  is  not  authorized 
Temporary  variable 
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APPENDIX  B PROGRAM  LISTINGS 

This  appendix  contains  the  program  listings  for  the  digital  simulation  models  aa  follows: 

• Appendix  B1  - Program  listing  for  the  1-2  man  digital  simulation  model 

• Appendix  B2  • Program  listing  for  the  4-20  man  digital  simulation  model 
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1 AEPt.EPEFF.EMTBF.FMTTR.SRL.SPL.SGEM  MAIN0290 

I nteGERheadR 

INTEGER  TS.TSl.RTU.TSE.TSElITSP.TSRl  NAIN0290 

INTEGER  PI2*PTH(240),IOIF(10)  MAIN0303 

HEAL  KO*rC*NG?OCT20)|NOFAlC(20)  * !DC)K0NE'(20>  ,MPCC  ,MaXST,NU  MAIN0310 
REAL  MPI,MAXSL.K7.«1, IECiLOOM, IH,IHC,XON,KONl,KONT,KONTl  MAIN0320 

REAL  IECE* l ME# IFCE.LODME. 1ST  MAIN0J30 

DIMENSION  580 ) ,100*10(75) MAIN034F 

1 , K0NE1  ( 20  • « IKO.NC  ( 20  ) i IKONE  < 20  ) MAJN0350 

_ DIMENSION  PSCOM(  40),  IPSS  ( 40 ) , PCOUM  ( 6 ) , TPSCOMI 40  > MAIN0360 

~ EQUIVALENCE  (PCDUM.PPFO),  (PSCOM.PCOM)  .TlPSS.'lPS) , (TPSCOM,  TPCOM)  MA  I N0.(70 
EQUIVALENCE  ( AOUR.AOURIO)  MA I N0390 

DIMENSION  NS(  20  ) , I DE  ( 10  ) . MA1N0390 

1 2<20),ZC(570>,IEVENT(570),NREQT(10>.MAVAIL(20),MAIN0400 

2 TAVAIU(20).MA(20.10),ITrPE(20>,MAT(20>,WH(20) ,ACAL«20) .MAIN0410 

3 8T( 97Q ) iTITLgtOl MA1NQ420 


MAI N0213 
MAIN0220 
MA1N0230 
MAIN0240 
MAIN3250 
MA 1 NQ260 


JNE(  20 ) ,'MPCC 


MENSION  MCHSN(20),INVS(570) 

OIMENSION  HfcADR(12),!DFFF(30>  MAIN0440 

DATA  HEADR( 1 )/7gH  APPLIED  PSYCHOLOGICAL  SERVICES  WAYNE,  PENNAMAIN0450 


MAIN0460 

DATA  TITLE/6HSCHEDU.6HLED  EV,6HENT  ,6HREPaIR,6H  EVENT,  MAIN0470 

16N  iQHEMERQE, 6HNCY  EV, 6HENT  / MAIN0480 


EQUIVALENCE  (PCDUM.PPFOj, 
EQUIVALENCE  < AOUR.ADURIO) 
DIMENSION  NS( 20 ) , I PE  < 10 ) i 


THIS  PASS  IS  BEST  QUAIilCT  lJt&CfltiABm 
ISOM  OW'Y  FURBISHED  TO  QDC 


65686  (J1  09-27.76  _ 14*113 


• i 6H 


CALL  EKJT 


9045 


DATA  STAft.Ul.ANK/4H 
DATA  REPAIR/SHREPAJR/ 

FUNCU.9.  D)  ■ (a  ♦ (A*R)/4.) 

CALL  RANSJZ(12.55> 
ft£AD(5,9050)  NKASES 
KASE  * 0 

10  KASE  * KASE*1 

ifikase  ,qt,  nkasesj 
READ(5. 9045)  HE*D9 
FORMAT ( 12*9) 

00  2u  1*1.12 

lOFftCl,  | ) *Mk*DR{ 1 ) 

20  CONTINUE 

CALL  SPGMO»«NEAOP) 

LMAK.ig 

LRAXH13 
NTMAX«10 
1 TfeR*0 
NKOUNT  * 0 

READI5.9050)  ITAP.NDNAX 
CALL  XX I N 
50  ITER»1Ten«i 
ITAP  * IT*P«i 
NDAYS  * 0 
9053  FQRMAT  (2131 

CALL  INPUTMTAPjKASE) 

KMAXaNCME 

lQMAX*N6QRt 

IEMaX»NOSE*NEORE*VEME 

c»*«count  the  crEm tor  6*5^  Tcmelon  and  “assign 
CHfcW  echelon 


C*«»EACH  MAN 
1C  ■ 0 


* li  4 
0 

* i.ntmax 

IAA(P*HEVrj,n 


00  no  1 

UAti)  * 

DQ  100  J 

103  1IMI)  « 

110  IC  * I AA  t 1 > ♦ I C 
FLIC  » IC 
11  * 1 
JJ  * 0 

DQ  120  I « 1.4 

jj  «'iAi<fnjj 

IF  IJJ.LT.m  GO  to  120 

00  115  J » 11, JJ 

Ilf  iclTJ)  *1 

11  * jj*i 

120  CONTINUE 


M A I N050  9 


MAIN0510 
MAIN0523 
4* I NOS 30 
MAIN 0540 
MAIN0550 
MA1N0560 
MAIN9570 
MAIN0583 


HA 
HA 
HA 
HA 
HA 
M A 
M* 


HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 


HA 

HA 

HA 


HA 

HA 

HA 


“TI- 

MA 

HA 


HA 

HA 

HA 


HA 

HA 

HA 


c*»s"i$sTurr'RR i h*r v spim  Aimr 

H » 1 

DO  1>0  J « 1,4 

• i.NtMAX 


HA 

HA 

HA 


00  1*0  I 


"if* 

HA 

HA 


HA 


nosoo. 

N0600 

N0619 

N0620 


N0630 

N0640 

N0659 


N0669 

N0679 

N0690 


NQ690 
NO  TOO 
N9710 


N 0 7 2 3 
NO  739 
NO  74  9 


N0759 
NO  769 
N3773 


N0780 

N9790 

N0800 


N0810 

N3S20 

N0830 


N0840 
N0850 
NO  860 


N0870 
NO  890 
N0B90 


N0900 

N0910 

N0920 


N0930 
N0940 
NO  950 


N0960 


1 j 


1 1 


teis  PACT  is  BEST  QUAIftnr  PRACriCABU 

WDM  COP*  FURNISHED  TO  DDC 


1 1 • NENd.JI 

iS  HHVi.r-’ w-  - 

!IS(H)  ■ 1 

159  H ■ M»j 

149  CONTINUE 

c»»passion  secondary  specialties 

00  220  1 ■ l.IC 


TiHl  ■ WNjrUKO.QJ 
rf«l  ■ TEm1*PTT<NTHaX, n > 

bo  ho  7 i i.nTmak 

f r <PTT(J,in,LT;TEHti  OO  TO  210 


210  continue 

220  CONTINUE 

C •«  MC , C *T l»  W1  ,P*  CE  ,ATT/H  SL  S ,T  A T,  Sf  D m PON 
C»»6| ACM  NAN 


WhT'S'  koffwt^To 


(fCm»IHT*TENl«SI3HT)/«T 
CAL ( I ) • PC<I)»CAL*V 
PlfflT)  ■ f£l  I j«*ur<»t 
PSCEII)  * ACP  ♦ BNORMHO.OJ  • 0 ill 
A9PIII  ■ AHlNl<AiSP;AASP»ONORHl<U t0 I /10 ( 9 1 1 , 0 ) 
TtjlSdl  ■ SLEip^nNORHiIO, ff1«SLFE(S&,2S 
PATC  J).FBUILD«MSLSID) 

300  STRHdl  • APST*DNORMKO.O>»AP$T/A.O 
c..s<hamATr  pr  i H*NTw-spM%iRrew*irANCE 

C»»»rOR  EACH  HAN  AND  CCI«|N(TIAL  CHEW  COMPE T ANCE 
CALL  PSCAPdAA.PCDUM,  PSCOMJ 

CCT'V  o;o - 

DO  360  1 ■ l.IC 
3*9  CCl  • CCJ*  PCOHd ) 
ect  « CCl/TCfC 

c»»«calcul*te  physical  incapacities 

3*9  DO  370  I ■ l.IC 

— j>nTT«i,6 — 

370  PI2M)«0 

ThMsniwu, 

DO  3*0  1 ■ l.NPI 
d ■ UNifHno.oi.rLic 
PltH)  • 0.2»uH!fMi(0.0)*0.7H 
300  P12( 1 1 ) • I PUYSNJ P ID) 

390  CAU  OUTPi 

C.t.riAST  OAT  Of  ITEPATnNi— INITIALIZATIONS 
590  NO  ■ 1 

DO  960  I ■ I.KMa* 

9*0  tOE(I)  • 0 


HA ! NO  970 


NAIV0090 

HAIN1000 

hainiou 

HA|Nt929 

HAINIOJ1) 

HAINtOjO 
HAINIQ60 
HAIN1070 
" NAIN10S0 
HAIN1099 

JA1NU91_ 

HAINtUO 

HAIN1121 

-1MTIL13- 

HAINH41 

HAINH30 

HAIN1160 

HAfNtl7(J 

HAIN11S1 

HA1NU90 

HAIN12JN 

HAIN121T 

HAIN1220 

'"OTTr 

HAIN124N 

» 
HA  INI  270 
HA1N129D 
HAIN1290 
HAINUOJ 
. Tjyjsiii9_ 
HAIN1321 
HAIN1330 
HAJ  N13AJL 
HAIN133J 
HAIN136) 
h*1?U370 
HAINlSSO 
HAIN1390 
H*|Ni«ao 
HAIliUlO 
HAINt 420 
HAIN1 4J7 
HaIN144J 
HA l N1 4J0 
HAIN\4»1 
h A | U47-1 


f>n  o r»  n n »"> 


L I 


XBXS  PAQOt  W MSt  QUALITY  PRACTICABLE 

> OOP!  FURWSH&D  TO  UDC 


A9*»S  01  0«-?7.7*  14.003 


970 


MO 


919 


no  970  i 

( Dr  Cl)  ■ 

no  9«Q  1 
xoNcm  • 
DO  9«9  I 


■ ItlOHAX 

0 

• l.LMAX 
K0*ic  1 > 
•liLMAXj 


» KON1 
l.JC 


!1) 


9*0 


konci  (i) 

DO  9*0  I ■ 

NSH>  ■ 0 

aC*UI)  ■ hsuS(1)»CaL(!>/?4,ij 
CAS*!!)  • ASPlt) 
Pfc*F(n»AS»*in 
Msucm  • o ; o 

NOFAllll)  « 0,0 


H A I 'A  1 4 S 1 

^A1NJ4?5. 
»A|¥ll03 
NA | Nt  Si  f> 

MAJN1S30 

MAIN1940 


MA JN1999 
NMNmo 

•4A1 *7  T 
•4A1N15A0 
«4A1N1S»0 
AAiNi non 


D€T6HMlHfc  UAV  OF  0CCU««6fccrS  OF  NEXT  FaIlURES  AW  F.MpROiNfclES 
FAILURE  ANP  FQUt*»MENT 


. 'lAlNUll 

For  mainiaH 


• 001 


100* 


•09 

•004 


1009 


MRlTtU'HOOl)  IONA* 

FQRMAT I • aaaaalQMAXa*, 17) 

UR] Tk ( 6 . 6Q02 ) <R£kH<l  >i]  »il  • I***  1 

FORMAT! *"••••  RIlMVi, (8F10.3) ) 

DO  009  1 • 1.IUMAX 

II  • HELM  (I)  • AlO<J(ilNifKjU0  e>)  - 

irm.fo.oMN-i 

IDF(I)  a ID)  UMl 
WRITE(A.OOOA)  c IDF( n, Ibi.IOMAX) 

FORMAT  I * inFai.IRllOd 

OR  1 TE  1 6 , B00!> ) KMAX 
FORMAT!*  aaaa  KMAXa*,(7) 

U(nTE(«,«0O«)(NO«m,Tai.kMA)!) 

FORMAT! NOPE* * i ! 8 10 ) ) 

DO  UO  I • 1,KMAX 

TI  ■ NORIM)  aALnniJNIFMKO.On  - 0.5 

irtn,io.o)Ma-  1 

IDE!  I ) a I DA.  ! I ) . II 

uriteiaiOqot)  norin.iai.irMix) 

FORMAT!)  a«aa  lDEa*(!ft!a)) 

IF  IIND<3),  1:0,0)  OP  70  «90 
»a*l|6jN  SrRUtVlw  rdrTlC^  PA^-.-lNJT I Al 17AT  IONS 
•90  RIQNRaO 

youciAO. 

ffPTItfaOi 

RfPTMaO, 


MAHlajO 

AM  11**1. 

MAIM1690 

MA1M1000 

MAIN16A3 
M A I N1 ABM 


0.9 


• 00» 


<4it*ri7i«j 

MAfNtBJO 
*)A  INI  7 JO 

HiTTiTia 

MAINl/93 
MAIN17A0 
MAIN  1770 
MAIN17S3 


gMNiTan 
<FaI  N1RK5 


•10 


• 007 


MAiNisin 

MAIN1R7P 

'UIH'iITcT 

MAIN104D 

MA|M1"40 
RAfUiOJO 
MAIN19SQ 
MA | Ml  043 
MA|N1*90  " 
MAtNltfO 
LN1*7( 


wm- 


099 


RR|PT« 

mr 


TilTf 


TNlOlO 
MAIN19R0 
MAINPOOQ 


RPRFMI I > a 0 
,M  #&« 


nr 


■wsisio 

MAIN207A 

MAIM70I0 

wwr 


bw 


in  iitoutj;n«  o.o 

wSff- — 

M«S*ao,0 

fiKritS 

RMITlii 

iwllrtf  ■Vi*d*SM 

BO  #>0  1 • 4. 1C 

—WrtiW — 

TUKIHO.O 

-tIB1#— 


ttns  Hi K 18  BIST  QttAtf  fftMQnCAftUI 

JJW*  QOrT  FURtUSHID  TO  DDC 


1MDHI9 

-«r 

94(7040# 

-8HBB- 

94(70110 

wTtfnJ 

aMMiiift 

TSiUltft 

94(70100 

atiauu 

94(70403 

7A(7|I00 


§SbHX«*i?| 


— xmcii 

IBQMMjl  „ 
TIMaO 
iroirrto.o 


#F9»0,0 

t|Q  47>lll,I0H»H  _ 

CUTUT  « 1,0  

SIT  <>  • 0,0 

— Mb fiM  - 

070  eQNTINUI 

5 — nimm  m iTjn  ■ 

e 

!t««  M 

inw  r wi?«i  tiro> 

DO  0*0  !•!.* 

JM  WWWfr,  rn-tB  mv - 
icn  • i • i 

ictUntMI* 

Oil  FICSIC  a 0.0977  a IC39 

ffc8M?li'$ew»  (1) 

T*COH  <|)  a 3COM  (I) 

If  <UNirHxtO.O>  ,•»«,  F7k*JC>  00  TO  mo 
fICOH  HI  a'tFCOM  m a (i-  (C7|a  0',U»»») 


94(70030 

99Hl»70 
99(71000 
HAlHfrff ? 
99170100 
94(70007 

MU1L 

99(70313 
99(70303 
99170333 

wSlff# 

99(70370 
99(71303 
99|70307 
99(70300 
99170 300 

wtwr 

99170410 

74(7340# 


"TAprmo 

99(70443 

94{704»T 

9117041# 

99(70403 

mm 

99(70707 

mm 

99(70739 

99170740 

94  7|flft 


i 


SHIS  PAQE  IS  BIST  QUALITY  PRMttCABl* 
JBON  COPY  fUttUSHAU  TO  GDC 


TSCOH  (|>  • TSCOM  (|)  • ( ICSS*  010999) 

490  CONTINUE 

nftmiRo<ruTux,nMAxJ 

!•! 

DO  401  1*2. ixor 

mriteu.rqio)  i.iprm.i.ipem 


SOI  CONTINUE 

9610  FQRHATiiHi, 'MINT  3RT|ON  THREE  - OCCURANCES  or  FAILURES  AND  EMERGE 
npUmriR  state  and  SlCKNtS4*/>,'E6li|ENiNf  dat  or  rMST  enIMIn 
ley  oav  or  first  initial  sia  seasickness  degradation'/. 

— fwsw  *iw«8Hif?H:is!t*?;ti?Kg»?!;:;3t:a;3i;»i.. 

mo  rORNAT(|9;«X.|S,iOX,IS.9X.I3) 

Mil  rORHAT(P,9X.I3) 

~lil4  T8NHAti24X,U,6X.!6)  ~ ~~ 

uori-ixor*! 

IttfifW ^wffwiToW 

499  HR IT6(6« V421 ) I J, 1 or ( J) , J« IXDri , IQHAX ) 

GO  TO  696 

'ifntirnsiiir  pttdI  < j ) . j.  - 

4*4  CONTINUE 

fWto®}fi!fT  l NO  < 6 1 r 1»HTe<  6iiso» ) S 

•SOI  rORNAT(iHi) 

£g!LIMfe.£Ai : 


NAIN2N43 

rainisto 


C..4AND  COWJTENKIT  OCCURRENCE  rqH  EACH “ 

TOO  NR  ■ o 
■■  KK  * NOSE 

60  ?X0  r*  iTTOHaX 

IF  (lOrdl.NE.NO)  30  TO  710 

wmr 

KK  ■ KK.l 

IBVENT(KK)*200*(l-l)*12  * \ 

f t • RELfit  f IfiJtOfl  fUNTTR  { f oi  (H  T^T* 
irm.EQ.onia-i 
iprm  • i dm t >- 1 1 

no  CONTINUE  

790  NE  . 0 

DO  760  l • l.KHAX 
IP  U0Em.NE.ND)  SO  TO  760 
N6  ■ NE  *1 
KK  * KK*1 

tIVENT  (KK)  ■ I ♦ 960  “ 

II  ■ NDPEU)  • AtOO  CUNIFNHO.On 

17(11,10,0)11*.  i 
IDE  (I)  « IDE( I ) - || 


iA|N7610 

NAIN2623 

-atm 

1AIN7690 

HA1N7A60 

RAIN2673 

NAIN7603 

RAINI496 

MAIN7790 
MAIN2710 
NA|N?720 
RA I N?7  SO 
RAIN2T6Q 

^TaPJTTSS 

NAIN2763 

4AJN2773 

RApfinf§r 

RAIN2799 

. NAHMS  3. 
'TAiNtns 
RAIN2920 
.141NISI1 

RAIN>M0 


1 


Jiiii  14  aiziizj*  it. ana 

HI  CONTINUE 

— ssw 

iff  * decs  • n /to, 

W-$wrPi4?WlTir.'  JF)  a6  t< 

Noir  • 9 

IbWft-VbfriV  * 

ir  inoitt  ,ot , io)  «o  to  **7 
~§  ocCMs  tYN  boU  rnoH  one 

ITEM*|ETVRU) 

-J iUmiliMSilMil  Afljgig 

If  INIOR  ,E8,  0)  09  TO  0*7 


*01*2131 

*4111111. 

HIIMJ) 

*0|*t«§0 

imp. 

ilhlNI 

*01*11910 

imar 

*01*1940 

JUSiML 

*0|*M*) 

*01*1*70 

*0|N3090 


iPUDrrriiD.co.NO)  on  to  «*7 

- 9 Wiffu:  

R*2  • UNlfHl  (0,0) 

?J?(!o5«?d??S)  off **o,oi 

iraooM.oT,*)  btbm»o,o3 

noif  • i 

KK  « K0  ♦ 1 

counter 

WITTV  W&TFT  7 1 

WHICH  RfRQlH  SEQUENCE 

||VENT(KK)a200«12*(!QR<NIQRNl)«l 
iprrrm»«Nu 

WHICH  SCHEDULED  event  has  an  oif 

l61f  (NO |?T>  .1 
•*•  CONTINUE 
0*7  CONTINUE 

NR  |S  NUHfEH  or  repair  roMlUE* 

Ni  ■ NR  • NUfpr 

NOSEl  ■ 0 

NT|  » NR  ♦ NE  ♦ NOSE 
bo  1J 0 t.l.NOSf 


*01*3030 

*01*304) 


*01*30*0 

*01*307) 

_ .strum 

*01*30*0 

*01*3100 

*01*31*1 

*01*3130 

-JlAlSjlil 

*01*3130 

*01*3100 

wrn 

*01*3190 

"TopJ^ytPT 

*01*32)0 

*01*3130 

*01*32*0 

-JSAIIHUL. 

*01*31*0 

*01*3270 

*01*3290 

*ofT5iio 

*01*3300 

*01*3313 

*01*333) 


(1(10 


ms  MS  n ski  imTHTuertu** 

ypmi  noansmo  to  dpC 


[>  IT  II  « lD/ui  ^■TO  I M 


if  < iron  i » ,n*;  u so  to  ttc 

, 

770  CONTINUE 


TMCN  rut*  IN  SCHEDULED  CVFNTS  To  QUEUE  IN  OADE*  Of  INPUT 


MAIN33S0 



MA  I N 3360 

. mmn 

§EtiJfNCE  AND  NAINS3S0 


k rr»  m.mmjjiLu  u vi  iaiMi:.mr.n  i 

dll 


71*  DO  7*0  I • iiNTI 
PTRII)  • 


NAIN33P0 

<«AiN3«an 


'(AIN  3 410 

MA  l NS4 JO 


•00  II  • II»1 

If  (PTAdn.NE.O)  GO  TO  EOQ 


MM  ■ IEVENTII) 

PTRtll)  • MM 

~ no  iBHSI 

MM  • 1 

00  OOQ  l»l.NOSE 


if  uroim  ,ne,  t > oo  to  $20 
019  IPIPTRIMM)  ,EQ|  05  GO  TO  HI* 
MM  « KK*1  


"V  I * 

•!•  ptaikk)  ■ 1 


MAIN3940 
MAI  NS5S0 


NAINS560 

MAIN3S70 

MAIM3390 

NA|NS9»9 

NAINS600 

MA1NS611 


N4IVS6J9 

NAIN3630 


NAIN3649 


MOUNT  {I  INCREMENT  FOR  NPTR  TO  INCLUOE  0|F  AND  rANILV  MEMBERS 

if inrj- 

MOUNT  ■ 0 

tJtPWtI '-?{?-  

IP  IIPTR  .NE,  0)  ao  TO  041 
IOAP  ■ IOAP  ♦ 1 

ffCTTOlSi - 

•41  CONTINUE 

NPTR  (]  ^ MOUNT  , | GAP)  ■ JPTR 


liWl  • a SCHEDULED  AND  REPAIR 

mi  • 1 REPliirTOirrs  for  oi 


R EVENTS 

ir 


MAINS660 

MAIN3670 


MAIN J6Bn 

MAt  NS690 
MAIN37QQ 


MA  l NS7  Jfl 
MAINS7S0 
MAI^mU 
MA INS  790 
MAIN3740 


NAINS7B0 

MAIN5T70 

MAINS010 
MA | N30J9 


•34  If  (ISHl  ,E0,  1)  QO  TO  031 
N01F*  .EQ.  0)  00  TO 


MA1N3980 

MAJN3990 

■ «r 


i 

00  TO  843 

IRIF  ■ IK|  CCIPTR-200)  /12  ♦ 1)  a 1 

IK  1 1*4 IF  . EQx  0)  GO  TO  834 

MAIN3890 

MACN3900 

MA  <43910  ! .1 

‘H::  1 1 1 1 m 

MAIN3929  - 

1 

KOUNT  ■ KOUNT  ♦ 1 

MAIN3939 

1 

NRTR  11  ♦ KOUNT  i 16AP)  a 1PTR  * J 

MAIN3940 

■ in  mm  t— 

* 

MAIN39J9  ! 

M A 1 N 39 60  i 

CHECK  IF  SECOND 

time  through 

MA1NJ970 

IN: 

U 

i 

». 

■: 

i; 

1 

J J 

MAIN4 

lai.NOIFT  MAIN4 

020 

030 

IPTR 

,NE.  1 01  FT J)  ) GO  TO  *33 

MAIN4940 

KOUNT  ■ KOUNT  ♦ l 
IRTRa  lEVENT(NTE.j) 


•33  CONTINUE 

>31  CONTINUE 

THIS  LOOP  COUNTS  TOTAL  NO,  OF  EVENTS 

BO  • 1«1,»7Q  


I CONTINUE 

„ 9 WTEM-1 

DQ  821  I.l.NTE 
IfCNPTRU ),LE,200)  GO  TO  826 


•26  KK>S61 

—■ WBftgBg?""* 

DO  024  I»l,NTE 
KaNPTRt I ) 

rnvjnnir"*T 

IFCK.LE.200)  00  TO  823 
irCK.QT.S60)  GO  TO  822 

\ f “f i wrnTf-sirrTST  i'rn so ; i Von ; 

GO  TO  824 

,u  


MAIN4070 

MAIN4080 

MAJN4090 


MAIN4119 

MA1N412Q 

4AIN41S0 

MAIV4140 

MAJN4150 
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i .1 


B-79 


\ 


11 


XUS  NO  IS  BfiST  QUAI/lTT  FRiCttCABZg 
JSDH  COPY  IURHISHSD  TO  DDC  _ 


»lill  M 09-V-n  14.883 

CANT  (ITEM)  ■ CART  ( ITEM)  * ADHR 
1 SEE  |RL « 1 T|« ) aCUT ( ! TE i ) / ( CUT  U TEM ) «C0 T ( I TEH ) ) 

19it  1SNTTSUC 

T|Hl  a RT<Ik> 

T*H*  a ZCIIE) 

TTOTTEKT 

UDCaO.O 

00  1>00  I *1,16 

jj  n*ATrn 

HSLS(JJ)  a NSLSCJJIaTEMl 
Z(JJt  a iet  IE) 

~ Iflii  ITVfll JJI 

CCALCJJ)  a |EC(KK)  aTEH3a< ,95*U41FM1 < 0 , 0 > 710 . I 
ACAKJJ)  a ACALCJJJaCCAUJJI 

— nCTJJTi  IW< 33|5tBICT33> 

TIMJJ)  ■ TMtJjUTE^l 

|f<*KtEO,|MS(Jjn  QO  TQ  1979 

OkftOT A ( 7 , 1 Ok  ASS ) a CkSDTAC 7, ICl ASS)  • PT(IC) 

TH$t JJ)aTMSC JJJaRT ( IE ) 

1S>9  T B < JJYaW  I jj  > ^FTTTfT 

CUSOTAIA, ICtASSta  CkSPTAIB. ICIASS)  ♦ f>T < IF > 
mo  SI  DC  » SIDC  ♦ CCAL  ( JJ)  


1SI2 

Caaa 


tSH 

Caaa 


SIDC  > SIDC  a CCAUJJ) 
iTisfor.LfTSiBgfnri  co  to  m2 
SIDCHXaSinC 

T48Sit5i& iTP«i 

ACCUMULATE  CNL  A4D  SAVE  MAX 
iriCMLNX(0E,TEH2)  30  TO  15X9 

cofH*iT*ftrJ 

I CMC* IE 
CRkaCMk*TE"2 

EVERT  RaZaOO  aWd  Silfmwr  Sat  (TEH) 

EH  a TEHlalH 

TIN  a T§M*EH 

CAlC0C*rr-FE1»rBlRillCE~ABF0T]if;r  — 

irilTHV.eT.il  OP  TO  1449 
If  (BSTNM.OEloSTf ) CO  TO  1410 

it  ittsni;tE7^,  cTTOozo  ~ 

Et  a 0.0 
00  TO  1430 

ES  ■ «1.0-Bfe>/(BStAH-i.6)ae5f»*Be 
00  TO  1430 

ES  a (5,0-0#TI»>/I5,o.OSTRH» 

T|H1  aTOCOHIkl)  

If  (ITVRElUt.HE.lRSam  TEMi  aTSCOM(U) 

EC  a 2,0»TEMi 
EA  a E.OaCASKtn 
DO  1440  I a 1.  IQ 
JJ  a HATH) 

If  I1TTREI  JJ|,NE',|»S(JJ|)  TEM2  aTSCOHIJJ) 


MA149050 

HAIHMAO 

MA1NB070 

MAI4BOOO 

MA14X09Q 

alf 4X940 
MAI  49910 
MA I NB920 
MAI  499 JO 
MAI4B949 
MAI48950 
MA|W60 

MA | N89T0 
MA 14X900 

— rxNitof 

MAIN9000 
MA 149010 
MAIN9020 
-AIN9030 

3A1MMWL 

MA ! N9050 
MA 149040 
MAIN9070 
MAI49090 
MAIN9090 

MAIN91P0 

MAIN913Q 

MAI49140 

MA1N9190 

MA149160 

MAI49170 

MAI49190 

-» 

MAI49219 

MA 1 49720 

MAIN9230 
MA 149240 
_ MA1N9290 

■mainbHo 

MAI49270 

M.*l_49jL®8 

ma|45150 

MA  149330 
MAL4931P^ 
M aT493?0 
MAI49330 
MAJ49340 
4*1403*4 


SHIS  PAGE  IS  BEST  QUALITY  FRACTtCAiLI 
IRtM*  COrl  FUttfUSHKD  TO  DDC 


I cto»t 


T1HJ  aTPCOM(JJ) 

li : k:H8>uj, 

tin}  ■ ruo*a,o 

B-HBM 

•r»AMimu,o.QPcc> 
riM  • ir«e* 

^FHi«fir*EAt/ia,o> 

IIITI  (4.1450)  PA.T|M1.ES.EF,EA,EC 

lWluT|*JfritTrwcr'  FAtn# 

pbdmatish  ur  *rio,»> 

wa^iwibm. 

IChDIMIIS 

CALCULATE  Tim  rtT  10UE_ AND  P M t S CAP  FOR  ALL  MEK 


DO  I’M  I • 1«  It 
JJ  * HATH) 

ffrnji  • riuiibi 

KN  • ITVPEtJJJ 

iff .TO,..' 

■HD  * 1.0 
o§  to  i?ie 


MHILSTJJT) 

/PM(JJ) 


IP(BXER.LT (0, ) WRITE (6, 99Q0)  ND.IF.PCC 
TINia { ACAL i J J ) /C AL ( J J ) ) *»2 

V|Mi  ■ PC( 

ID  <T|H1,QT,J,0>  TIN!  ■ 2.0 



R0C( JJ>  • TfeHl 

iis  : gssaa 

CALCULATE  NEW  consumable  levels 

a Ml  « PTUEI 

i’50  | ■ l.LMAX 
K0NEU)«!RCU  )«TEMl 

-aSWr  "0*g<u-"0N6<p 

00  1’92  J.l*LMAXi 

R0MBim*lRCl<n 

MNcl<n»K5NciM).*0NEl<n 


ER*(i;o-0',l*F 


NAIN9J40 

juumiiL 

NAIN9SS0 

NAIN0300 

jiAiJam. 

HA1NV410 

WAINM20 

1AIM11M 
HAJN9440 
MAIN  9450 

JAIMAil 

NAIN9470 

NAIN94S0 

NA»N9490 

NAJN9500 

NAJN9510 

Na}n9>2Q 

NAJN9SS0 

MA1N9540 

HA1  N9560 
4AIN9570 

WAJN9A00 
WAIN961Q 
"AIN9620 
"A  t N9630 
J4AINO640 
WAfNMJO 
ha  1 N9660 
HAJN967P 


Ha  1 N 9090 
NAtN9>00 
HA  f N9710 

4AtN9740 

NA1N9750 

NAlfiOHo' 

HAIN9770 

HAIN97P0 

HA|N9>00 

HA1N9B00 

HAINOein 

MlTRfltl 

HAtNOBSO 
HA1N9B40 
NA I NPA  50 


IBIS  pa®  IS  BEST  QtlALlTC  FRACTICABIil 
ISOM  QQ?X  7UMtUSH£D  10  DDC 


[VII 


••• 

! 1753  suce  ■ ru 


•141iULI«U 


CCESS  OR  F AllURF  FOR  EVENT 


liJ  U&IilL&lI  UIlZiZHH 


ILSDTi ( 1 i 1 CLASS ) ■ CLSOTAU.ICl.ASS)  ♦ 1 

atsoTAia.icwASSM  clsdta<o*iclass)  ♦ pa 


Cma  SUCCESS 

750  DO  1700  I ■ ilia 


I > 

i NO ( UJ)aNu<  JJ)«1',0 

• 17S0  NQSUC ( J J ) «NOSUC  < J J ) • 1 . U 


'1AIN9080 

HAtN9B90 


Lf.lLLLill 

rum 


MA 

RA IN9920 
MAIN9930 


MAIN0(»0C 

NAJN0010 

NA1N0020 


MA 

1AIN0040 

RA1N0030 


NAI 
MA IN0P7O 
4AIN0080 


C 


L 


SHIS  MBS  IS  MSI  QUAllW  PKlCTtCABLl 

ntOH  COPY  FURRISMSD  TO  DOG 


mil  Hi  ^-87.76  U.aii 


Cm  TEST  FOR  MINT  OPTION  aFT£R  UPDATING  HOURS  SPENT  in  ACTIVITIES 




-A| N0370 
HAlNOiBft 


1821 


NPRF  N < 2 1 «NPRFH ( 2 ) ♦ 1 

ffrfttfffer  OP  fo  1822 
HRSR»PT(|EUFLIR*HRSR 


HAJN0390 

HA1ND400 

J1HM1UL 


RSPTN«REPTH*PTIIF> 
MflTTl  671818)  RSpthT^TT 


IE) 


HAIN0420 

HAIN0430 

«A!NQ440 


1818  FORMAT*!*  •*••••  REPTM,PTUEl»»,2no,*> 
LE.0I  ( IE)<ME.  1)^30  T0_ 

80  TO  1824 


HAIN0450 
HAIN046P 
IND470 


*a}n0480 
MAJN0490 

iUMMl 


l«»_^5E.HRSE*Pn  ij  L»T-U1 


TN<4)«NprtrH<4)*i 
1824  IFIN0-IND(4)>  1890.1829.1830 
1829  IP  ( IE.LT.|N0(3)|  00  TO  I860 

i«30  If TTTTgT ^6oT  g^ttoWo  ' 

IPIIE  , GT , 200)  GO  TO  1840 
KK  ■ 1 

t 


MAIN0910 

4A1N0920 

HA1N093Q 

HAINpSAO 

HAIN0550 

4AJMS50 


C»t* 


JFMGNOR  ,IU.  1)  00  TO  I860 

Q0_T0_146P •_  __  __  _ 

1840  KK  ■ 4 

LL»OE  - 201)/12*1 
IFMGNOR  ,EO;  li  30  TO  1880 

■ GffTff  iwr^'~ ~ 

1890  KK  ■ 7 

U«!6-94Q 

wriwnr ;««.  T»  ~i<nb~rm  * 

PHI NT  event  data 
1860  U ■ KK«2 

rpeT  < ipem*-)  " ‘ 

TEM1  « 0,0 

ir  (Ipet.ne.o)  timi  . icupet) 

00  1865  I •lire 

IK0NCI J)»KONC(l) 

IK0NE«I)«KPNE(1) 

1869  CONTINUE 

!FITITU<KK),NE,FEpA|R)  GO  To  j8f7 

IPUEPNI  JE).NE  |rf\|JE.i))  IKpr«IKOF*l 

»r<  ior»<  iKn^nf  ;F<s;dr 

WRITE(6,9861) 

i u,i6TVPiifc)#succ,iionm.r,nli»i.i2>, 

I 2i,ST(|6>,!P6T,  " 

l TEN) .22tPT(IE>»2C(|E) , USH,  'iSTH.GPCC, GRACE, GASP, PA, EH, 

1 (CLASS, 

2(|KONE(!),|«i,i0),(!KONC(I),t«1.10>,(KONEl( I) , I »l . 10 ) . < KONCl < I ) , 1 

2 HID) 

9861  POM*T<iH0/'REPAlR  0T  EQUIPMENT  TTPE’,12,1  EVENT  TTPE' *13, 4X, 

1 lA6,/,2*, • IDENTIFIER  »,1?*A7 


SAJN0970 
HA  t N098P 
HA|N059*> 
H A ! N 0 6 0 0 
HA1N0610 
HA1N0620 
HA1N0630 
HA! N 0640 

HAINQ690 
HAIN0660 
HAIN0670 
HA|NQ680 
Ha!N06*0 
HAIN0700 
HA1N07T0 
HA ! NO  f?0 
Ha! ND7SO 
HAIN0740 


4 ■ 


3 

t i 


i man  quality  mmojJftg 

fUMtlL*— . i'v  «~«v,  ^ 4 


1 1QH  HEN  AVAIL  ,r»,S,lSH  START  aLLOREO, F* ,2, i2H  PRIOR  EVENT, 

-i  b'Bwwaw^l&re.?^; 

4 13H  GROUP  ItlilS.rj.MM  PHV$  CaP,F5,2,5h  PACt,F4.l,5H  ASP.F5.2, 

* >M  MW  AP,Fe.2.»  HAZARD*  ,F4.1,*X,*EVENT  CLASS*. 18.  _ 

( /Ix,  T2mc6ns,  used (unit s/hr , r iofft," 

• /IXtEENCONS;  LEFT (UNI TS/HP, ) 10l*,/lX,22HCONS,  USFP(UNITS)  , 

_♦  I0t*t/1X;MMCONS,  LEFT(UN|TS)  101*,/ 

4 XIIHOHAn  type  Pf?  lBR  Ran*.  FSTrgUl  PMYf~£AP  HRS  HHKB  CALORIES'" 

7 CAL»*HRS  SINCE  SLEEP  IDLE  HRS  SLEPT  CUH  PfRF  ASP) 

QQ  TO 

IWrtWTTTOE 

UR|TEU,»SAQ)  (TITLE! I >,1«KK,11),LL,ND, ITER, RUCC, 

1 21,ST(  |E ) , IPETj  Na  I NOT 7(1 

r TiHrrziTFT i re itwi  i e > this;  sstb , wwtwwpt caspTpt.tk, 

1 4CLASS, 

2(|RONicn;i«1.10>.<»XO,(C(n.l»i.lO>.(KONEi<|  ).i«i.io>.(KONCiU).i»nainb;o,t 
> i.  10)  "NAiRttyir' 

••*0  FORN*Tt/lH03A*, |3, JM  0AY.I3.11H  ITERATION, t3,2X,lA6,/, 

1 10H  MEN  AVAIL  iF$a2,i»H  START  ALL0HED.FA.2.12H  PRIOR  EVENT. 
i T4.w  riNISHED.rAlS.isii  EYFTT  STArrs.FO.WLASTSTTiT^ 

3 9H  ENDS,FA,?,13H  JNHaNNEO  HRS , F 7 , 2/  NA|Nn85*l 

4 J3H  GROUP  STRESS, FS. 2, *H  PHVS  CaP,F*.2,5H  PaCE,F4.1,5M  ASP.F5 NAI NOOSO 

5 fW  tot  A D , F * , 2 1 HAZARD ■ .F4.1  ,A7.TEVt N T Tirer»7T», ~ 

« . /IX,  22HC0NS.  USED (UN I TS/HR, ) 1016, 

♦ /1X,22MC0NS.  LEFT (UNITS/HR,)  lO!6,/iK,22HCONS.  USF.D(UNlTS)  , HAHPS90 

* r»T*771»;»MC0N5.  LErT(UNTTS) m»7r 1 - ‘“-rtWBW 

• IUK0"AN  type  SPEC  LDR  level  fatigue  PHYS  CAP  HCS  HKKD  caloniesmainovot 

« «Al  tAUftC  C • LM  ppB  Iki  p u<l*  C.  »tif  «iiia  n.n.  _ V ' 


7 e*LS*HRS  SINCE  SLEEP  IDLE  HRS  SLEPT  CUH  PpRf  aSP) 

me  cBNTtNor — 

DO  1870  I ■ l.IG 
It  ■ HATH) 

KK  • TTTPeriT)  _ - " 

TEH1  • PEA 

|F(KKtNE,lHS(II>)  TEN1-ESSS 

T|H2  • IUNR  ' ’ — 

IF  UI.EU.LI)  TEN2  > STAR 
T|N3»1EC<KK> 

RRlTE(i,0S«9)  tTTKYYTFRlTTFM?,  iCFcTl')  .TaY<  f | >,PCC(  I ! ) , H'<  fl ) ," 

1 CCAL<ll);ACAL(!t),HSLS<m;MH(11),DSm>,PERFCU),CASPCl!> 
t»*S  FORHAT  (l3.l',.2AA,l*,r».3,_F*;3,FR.2,F*,itFl0,l,Fu,i,F5,.JfF10,l> 

1 F9,2«F5,2) 

e 

1870  CONTINUE 

oo  to  mo 

Cppp  PRINT  IGNORE  Data 

mo  II  ■ KK*2 

WRITE (6, 9880 1 CY  f TLE  ( U ,T«KR ,1! ) , L L ,'ND,  ITER 
♦880  FORMAT (/1H03A6,I3,SH  PAY,I3,11H  I TERAT | ON, 1 3, 

1 18M  IS  IGNORED  PUF  TO) 

I F C 1 UI Nip  , fiT  ; 1)  30  TP  1»P1 


NAIN091P 
NAIN0920 
HAIN0930 
NAIN0940 
“ NAT^inn?- 
NAIN0960 
NAIN0970 

HSfNTER 

N A | NO  9 90 
_NAJN10JP_ 

hainDio 

NAIN1C20 
NAIN10J') 
lA  JN1040 
NAIN10S0 
NAJN1060 
nainiotY 

**A|N1040 

NAJN1099 

^AJNilOO 

NAIN1110 

YAINI123 

NAjNliSO 


i 


oowftuwgaiap  to  soo 


*>»•*  01 . Ot-ivjj 


writs <*.44*11  t(SS 

4*41  rMW*T<iH*,*3X,*|)Rl,0W  ESSENTIALITY  or  J*) 

•0  to  M*o 

1001  120*1*0  ,OT,  1)  50  TO  14*2 


<4*1*11*0 
**1*11*1) 
**1*1120 

IMI  Smt8Sk«.Wu  OROiiRl  <4*1  SHOO 

Ofl  TO  11*0  **1N1?0* 

»i »°  To  if'?  - aiuim 

rtlttUTMlll  **1*1220 

Mil  FRWHATllH*, *11,12*4*0  Tl*|  »V*U*PLM  **1*1210 

...  ..  .jimm 

IMS  If  (toiofi  ,ST,  4)  00  To  1004  **1*1209 

KK  • TO  (td  **1*1260 

fll4  T5i^T*iM*,'lSii3VHe^iu5*frlf'!n*1T/HOURl  RFLOW  TMRf  St'Ol OF1MO,  MM,  **1*1269 
l 0>  **1*1200 

1004  <&-£MFfTSY  - ' • * 

WRITS  (4,0045)  <K0*U<  l,KK),  1 al • 10 ) **1*1.120 

MM  f QRH4T ( 1M« , 43K , 3AHCQNSUHA4LE  < UNITS)  |EM>W  THR|S)t01D^lMO,iUFR,0>  *61*1110 


IS  *reiilS*Rv 


1M0  IFtSUCC.EQ.kSSS)  OS  To  1S4? 

l/ffiiSH&W"  S Wof 

|2(RTU( 1(1 , SO, Si  00  TO  1042 
RR«RTa**|PT*l 

- - 92  T0  «*• 

MiytlaMSuejifTltt) 

WRITS!*,  1012)  RSSUC2.PTUI) 

1IH  'IHI|»Ki!pT|I|jrnW--  VMhR*l<0,0) 

RSSUC2aRSSUC2«PT(IE) 

WRITE!*, 1412)  WSSUC*,PT(1E) 

iflTf BiWTUfi  TRSUCf fT6 ) a ’ . 2r io . 2 ) 

40  TO  1S36 

C1M2  nl8e,>tWfcuKWT  coUNTg"  >N0  T*ST  ro"  fcN° or  day 

WR  a NFTRttRlCi 

>*°l  0>  go  TO  Map 

ir(  NOTiiiiiii;  ^Cs;  H6>  oe  to  ioca 

C WK  a IS 

filT'^V  EYSn1  I 4*Y*6t  TCHfriUlfl'  *g  RUST  PRESERVE  CMOICI  (<f  FOLUOWlNfi 
C*4*  EVENT  FRO*  NX  AND  PRO  FOP  CURRENT  EVFNT 

C DO  1440  I • 1,1 

HfTirm  rwrrrtfwT ‘ • 

ei«M  PRO! 1,1(1  • PRBit.KK) 


rm)a4,2rio,2) 


C**4  ‘ J9bJ?*R??WI  fitTT  imi  ufsrtNC  nx 


AND  PRB 


**1*1140 

**1*1110 

wm 

**1*1160 

R*L3Llli0 

**1*1*00 

**l*141f 


*«NlTSir 

*4 1*144* 
**1*1*10 
**1*M60 
**1*1429 

R*1*L«U 

**r*t<foo 

**1*1»00 

**i*i5i« 

*Al*il20 

**1*1110 

**1*11*0 

**1*1129 

**f*ttM 

*»l*H*0» 

T*l*i#00 

*41N1M* 


1 


*^^WW*i®*5**WKii9*g*  ••.  v 


i. 


ill *1  » *»•«>->» iMti 


) 


Q^Aiirrmcntuiti 

IWOM  06M  njWUSiUD  ^ ^ *wum‘ 


e 

flTTM.ITIM/T  LOAT 144) 

4«IN*t?ft 

4*1411*0 

c*«« 

lrtND.CO.iUHAX)  r,0  TO  lioo 

CAI.CUl.4rt  PH»S  I1CAHACIT1E4 

■ 10UTSNtrtlC/10n 

taItHw 

4*|1*J0O 

4*14*210 

ir  iHiM.kB.irnortni 

00  1*30  1 » t.NOI 

ii  • uNirmo.oi.rkic 

Olinili 

4*|1*?3fl 

4*11**40 

MUlI  • 0,*»£|N|rHii*,gl»o,^ 

UK  • |*U»SNI*|D) 
iriKK.fO.OI  Mimn.! 

4*14*»*0 

4*14*2*9 

14H22T0 

IMO 

Cut 

IMKH  II. Ii  m . R«!i 

01*1111  • «K 

CALCULAt*  SArtTY  INDFK 

NAIN22S0 

4A|N220n 

1411*390 

"iur 

— c6hti»;0C  “ n ’ 

TMM.0,0 

fl°  l*ro  1*1. ic 

4ainHio 

4411*3*0 

4*112330 

"T*TF 

Tflu.fwwJTfiifr 

HO  • TtH/|*,«TMH| 

C1L  ■ C1L/t*..TM)'l 

4aInUaq 

4AIN2330 

1*11*3*0 

Hit 

CONTI NU( 

TtNJ.CN. ,» 

4»|4*J*0 

i*|N*300 

4*11*300 

w *i*o  j3u7TC 

MNt JJ).*4.0-J< JJ) 
iriMHlJUi.kT.TIN2)  BQ  TO  2240 

4*11*400 

4»|N*4lp 

1411*410 

inos(j3T  ,W.  naksli  ao  15  J’ao 

UHt*NAI$L-nsUJ) 

DSt JJt.AHINtlDSl JJ>.MM( JJ  N»v  L> 

4*11*439 

1*11*4*0 

1*11**30 

Tmwum  ( TOTJJ 1 , TCMl) . . ; 
tr t ti>h&  ,tf,  *.oi  bo  to  a?oo 

2200  r*?tjj|  ■ «. a 

i*ii>*«o’ 

1*11*4*0 

4411*400 

1*05 

fo  T3  ft?0 

IflTkHl  ,kT.  |.0>  00  TO  2*10 

TATIJJ)  • rATlJJJ.HlSA.U-lO.O.TONU/lAO.O.O.J.UNirNHO.UI) 

i»)iM*i 
1*|1»00 
4*  1»19 

mo 

*»to 

00  TO  1220 

rotlJJ)  « rATtJJI.il, f.O.OMTtNl.Q.l.UNirNito.OM 
triFATIJJ)  ,UT,  0,9)  r AT  t JJ ) . O.o 

iaIiMjs 

4*| 4*430 
1*11»«0 

TFTTAttjj)  ,ftt,  1,0)  flttjj)  • 1,0 

A0*k<JJ>  . 0,0 

TSN1  » rATtJJ) 

i»ii**»o 

1*14*401 

4*|4*?*0 

iflTEirr  ,BT,  J.'OV — BO  TU  SOSO 
trmm  ,at,  o.m  bo  to  ***« 

HSkSIJJI  • >.4,333333  * T At  t J J ) 

4*IN*1*4 

1*14*09) 

m< 

M Y6  *246 

HSkSIJJI  . 14, «»«««?. TENi.l, 4 

BO  TO  2I«0 

i»li»Al n 
lATIJOr.) 
1*|4?6J) 

1 ***  ao^ro  **»n 

1 1*40  MSLSIJJ)  « HlkSI.IJ)  » 4MUJ) 

"TTISJM* 

1*|N?M) 

1*14*040 

r 

tattjJ)  ■ T^m6«H«ikTtTj)) 

i.llUTo 

B-87 


I 

1 


I 


■1 


L 


I iiJ 


ms  mb  is  bbt  QUAummemiKB 

SMK  OOR  fUBUSUfi)  TO  ODC 


mo  continue 

“ 12*5  jj»i, ic 


LLDIi  {FFTl 


TIM2»IEC(KM  /PrtRUJ) 


iiiiuumnmHiaivH] 

I ) ii,ww  — 


10  TO  229U 

RIOS  IKR  ■ IIPC-TEH2) 


in  M i.m*mri:iiiirTHTT,nin ,71 1 


•too  PORMATIlH  ,'ftVERFXERTtON  FACTO*  EXCEEDED.  DRY  M3.*.  EVENT 

<.*  monk  n*te  exceeds  pear  monk  rate  *.f 


ki  umtHJMfm-f uppiimi 


T|N1  • PC( JJ}«PH JJ»*( 1,0-li iO-Nt)«TENl)»EXER«ti;o-0;i*r*T(JJ>> 
r ITEN1.LT 


TIT)  PCCIJJ)«TEN1 

ifinfaie  ,ne.  o)  SFDtrr*srDirr/rLOATiNPALE> 


CELL  OUTP? 

TF(ND.GEiNDnax>  00  TO  2030 


00  TO  0S0 
2030  CAU  0UTP3 


iiiinmmi-i>wi,«n«naii,i<ii 


N0AVS*NDAYS*ND 
IFMTER.lT.NI  00  TO  SO 


00  TO  10 

3000  NR1TE<«.3001)  ITEN 


FUNCTION  FH'MLOIH) 
HSLS»H 


V 7UWU 

F Bmtn«as;o«HSLS»ioo.q  I/22Q,  optcni 


aw  jwuw 

C ///////////////////////////// 

20  Fimio  » 0,0107?  • HSLS  « 0.1  ♦ TEW1 
Tof  6 IT  (foil  t LD.Ol-  ” JToT  on  to  5j0? 
PBUILD  ■ 0,0 
GO  TO  SSSS 


5SS5  RITUNN 
END 


NAIN2A80 


kULUUI 


NAINP/30 
NAINf Tin 


nirtiAn 


NAINJ7A0 

NAtNTTSO 


rii  ruin 


4MN7770 


kLlkMAn 


NAIN2030 

4AIN7010 


crirm 


4AIN7B31 

NA1N7040 


NAIN7R60 

MAIN7073 


chi;ulm 


iA1N?B90 


kUClAXl 

EnCMJi 


TAIN7920 

**A|N2»3l) 


103(110 

frlomto 


r3Ll)00SJ 

'■•»Ll>on»3 


r»tnoioo 

PRL03113 

FBL031J3 

■nsumlF 

rnuopno 

'■RLOnin 


ULTRillUl 


riLOniTi 

FRLnmn 


*>  • >'  * 


mit  01 ii9»?7»7ft n.aai 

FUNCTION  IPIIVSN(PAR) 

?LSf«EXP<-PAR> 

IPUT0920 

IPJVP3J0 

K*0 

v»unjfnuq,o  j 

1000  irlYiLfc.TESn  uo  TO  sooo 

«R.|Y|)040 

IPdYOOJl 

IRUYJ3S0 

K.K«I 

y*Y»UNjfHl(0,0) 

00  TO  lUOU 

tPvJYoO  73 
IP.JY0094 
IRUY0090 

5600  JTuysn»k 

Rl TURN 

End 

IPJY3139 

IPJY0110 

IPJYD120 

cMcap  Turnout i he  pscap 

SUORUUTINE  PSCAP< IAA*PCOUH,PSCOHI 

DIMENSION  (AA(4IfPCOUH(6>.PSCON<4B>.  TEN(i).Lm.LL(TI.0ATR(3> 

IPUY0140 

IPUY0150 

I **1170160 

Data  DaTR/U,«,o;75,0.60/ 

NN*1 

00  350  l*l«4,3 

lPl)Yni7(l 

IPUY010Q 

IPdYRl?> 

00  340  J»l,4 

U»|AAIJ) 

JPJY0230 

IPUY0213 

1PUY0220 

Kt»I 

00  110  Ml. 4 

TEM(K»tTfcNl«RCOUtl(Rn 

IPUY0230 

IPUT0240 

IPJY0259 

U(k)*TEm<K) 

*!•*!♦! 

110  ll*Ll»UK) 

IPUY02&3 

IPUT027? 

IPUT0200 

rnuTHToW  to  2H 
•MM 

DO  140  K«  1 • 4 

IPUY0290 

IPUY9300 

JPUY-UIQ 

' TEflnf>«T£MJk**FL6ATCtlk’V> 

ir(TEH<NM.T,(t5)I  QO  TO  134 
t(R)*C(KI*l 

|*3yssU 

IPUY01J0 

IPUY0340 

uiCFI 

IF<Ll,EO,0>liO  TO  279 

130  CONTINUE,  , . 

I^UYOJJO 

IPUY0340 

IfUYOJTO 

w ns  n»ro 

139  U«K>»K 

00  no  K»1.2 

nUYOlOO 

IPUT0300 

IPUT0403 

KK«3»K 

00  140  1 I*1»KK 

IFt  T6N<  1 1 ) >NE . TE*'(  1 1*1 ) IQO  TO  140 

1*UY0413 

1*1170429 

IP1/Y0433 

tSHpatElMfU 

LT>U(II) 

TEH( 1 1 )*TEMC | t*lt 

'W6446 

|Pl|Y0490 

IPUY0460 

“ twit*!  " 

UIII)iU(II*l) 
till  *1KT 

IPUY04>0 

l*UY0493 

140  ftfffJT  iNUE 

190  CONTINUE 

00  1O0  K»1.4 

iP^YOShS 

iPuvosn 

1PUY0O23 

W»U(HV 

fPuVoSsa 

B-89 


I 


L 


i 11 


ans  Fiat  is  bsst  quamw  memi li 

non  COPY  fURUSUMS)  XOQDC 


m It  01  U9-27-7»  u.083 


C(KK1>(.(KK)*1 

|Pl|VC540 

fPUYOSiO 

Tf<Ll,i6,6)tirt  TO  275 

160  CONTINUE 

KK*LL  <11 

|P'iYJ55l 

t?;IY057S 

IPiJYOiAl 

L<Kkr.C?KK)«Li 

275  00  310  K*I,J 

KK*L<K) 

I°jr0>»3 

l°ilY9600 

jpumsio 

“ ir(S*,fca,a»un  to  310 

TgMP  ■ OATHIK) 

00  305  N»1,AK 

I Pi|Y  36  20 
IPJY06J0 
IP.IY3641 

IFSc0hTNN)«AM|N1< ,99lTEHP»nNnRHl( 0,0) *0,03) 

305  NN*NN*1 

310  CONTINUE 

|PJY0659 

JPJY0660 

IPUT3670 

CONTINUE 

350  NN*21 

RETUHN 

t 0 JY0690 
tPUY06?fl 
IPUY07U0 

■ END 

CINPUT  SUBROUTINE  input 

SUBROUTINE  I'iPUTclTER.KASE) 

ipuro/io 

TNPTOOU 
t NPT002D 

“ COHHOTI/PRSNEL/HT  ,S!SUT  jPPr0,6PHTJ("FPU0#SPr0,SPMQ,SPUQ, 

iMPl,P|D,/PC,PTT(io,10>.NEN(lo.A)|NnS,!DS(6,20) 

COMMON/ 1 PAN  AM/ APST  f WORK  1,HPRK2#SI.EEP,CN|MAXS|.,TFaT1  ARP, 

INpTojjo 

I NPT  30  4 0 

1 NPT  0053 

nrjLRTfP¥HRr,K7«Ri,3Ei*ASP,IISMLiH,KONT10) .KftNtUO. ID ) ,K0N1(10 J , 

2 KONTHlO;iO),SESTA(10),RElUA)|N,  tET,IND(7),NnMAX,  tnrH(J6,12) 
COMMON/EOREVMT/  IDF(30>«RELH(30>iDTK(570)'TU!(30). IRE(30> 

INPT0033 

COHHON7EEHfcK/ANTiio>,AS(IEIlOi,frcnilJJ,  IEsSEIiO)  ,'NftE'aEJto,iO), 
l UODME(l0),lRCE(11#10>,|RCPia0.10),TSEU0),TSEia0).IHE(10>, 

1 iEC6<ia.io»,orflF(io),NOBEao) 

IN°T30»3 

IVBTOIOO 

INPTOUO 

COMMUN/b<VPfc/AUUH  , A5t),  I tss , NUfcflllfl J , LOOP , KE , t NT,  IRCdOi , [RCl(lO) , 
1 IM||ECI10>|M!OR,|3R<6), (CLASS 

COHMON/SEVENT/IETYP<570>,TU57u>,STl570>,EDCV<3,370)1!PE<S70», 

INBT(ll20 

INPT0130 

INPT0140 

t TS|!>7d>.TSl(5/OJlNX<3.570l,RTH(R70)i  IFOM570I.IEFNC570J  ,NIF(570) 
2 1 EDC ( 3 1 5 70 ) • PRR ( 3 • 5 7u ) < NOSE , NEQRE  «NEHE , D 1 1 9 > 

DIMENSION  ^l1‘lU>.Ipl<i6l?|rP2<269>1lf,2<»)1TP3(23aj,),IP3(2200), 

,INPT0l50 

INPT0160 

I NPT  oi  7-0 

1 FPiijiioi.iHjiSRSoJ.PPsTiSo!, |P5(2000>ii)U»4y!i2S# FliEs uS> 

DIMENSION  Pt TT < 10 ■ 10 ) 

DIMENSION  AUURI0I55).  IPF.RCTI101 

JNPTOioi 

INPTOUO 

EOUI  VALENCE  UDnRIO.iflUR  5 

EQUIVALENCE  (NT,TP1)# (MEN, IPl ) , * APST.FP2 ) , IN  ,|P2>, 

1 CFP4,Fp4),jrp3,rp5>,(lP3,IP4),<lP3l|p5>,<IP3,tGBG>,<FP3.GBG» 

HPtfl2l3 

INPT0220 

INPT02J0 

INTEGER  TS(T3l,ftTu,TSE,TSEliTSP|TSHl 

REAL  MP|,MAXSL,N7,Ki,IEC,L0DH(1HlIRC,K0N,K0Ni,K0NT,Kf)NT1 

REAL  IECE.HEiIRCE.LODME 

t NPt  0240 
INPT0250 

I NPT  0260 

NAMEWlST/PfcKSNL/HTPiiPPi.NlPl, {Pi 

NAHELlST/PANAH/NrP2,FP2,N|P2, IP2 

N4MELIST/SCMEVT/NFP3.FP3.NIP3. JP3 

'"TTPrwo 

I N°T0280 
l NPT0279 

NAMELlSTyE'lKEVf/NFPA.FPA.NIPAjjPA 

NAMELIST/fcHHEVT/NFP5iFP5,NIP5,!P5 

NANEtlST/TYPE/  NrP5.FP5.N|P5. IP5 

INPtoJDO 

INPT0310 

TNPT0320 

IgRR  i 0 

INPtOJJO 
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! 
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MIS  PAG!  IS  B$ST  QUALm  rJUCtlCAfeLS 
ramM  CO)  Y FUaHISIULD  It)  UDC 


(({«'. Ikii 


!F«  PER  ,01,  1>  03  TO  225 

0 NFP2  i 9 


NIP2  • 0 
READ  (5.PAKAM) 

iniNFP2,NE,24<>r.0R.(NIP2.f'E:91J  GO  T 


,6100)  NOMAX, IP2(1>, (I0F««1, I). I»1,12), 

1 FP2(8J,FP2<l),rP2UO,FP?<9>,  FP2C1Q) 

WRITt<6,8l01)  FP2{A)lFP2<5),rP9(6).FP2t2>,rP2(3),FP2t7).IP2( 


2 FP2«15),«)M2( I»H,l3>.(FP2C II. I»16,25),(rP?{ t), I.126.135), 

3 (FP2(I)iI*26«129),<FP2(I),l»l36,'249)*(lp2(I1,I»3,9) 
rOHMATIlHi, IPAHAMPTER  INPUTS  FOH  THIS'.IJ.'  day  run  of*. 


1 i MISSION  ITERATIONS', /,3X,'bNT|TuED  *.12A6,//, 

2 - AVERAGE  CREW  OATA  . - - -',/,lX, 'PACE  stress  aspir- 

3 CALORIES  Rfcon  POWER  RATE';/ 


7X, 'THRESHOLD  AT  ION » , 6X , • PEW  UAY'.ftX, 
4 • CALS/HR, ',/,F5.p, Ft  ?,ri0.2,Fl3;o.ri3,l, 

'HminR  Sluirc 


ork  limits! hrs) —thresholds -co 

6NST  ANTS-* -'I 

FORMAT < 1H  , 'LAST  SLEEP  LENGTH  SLEEP  NU  MORE 

NO  MORI  FAtloUE  ESSENf  I Al.  I TV  UNMANNED  LEADTRS  PHYSICAL 

8 STRESS'/, 14X,'(HRS>  PER  DAY  ASSIGNMENTS  WORM • , 27X , • ST AT |ON 

9 H«S  EXPECTATION  CAPAB IL IT Y ' , /,F7 ■ 1 . Fj l . i ,F a . 1 . ?F 1 i . t ,E 9 . ?. 1 


INPTMJ40 
A 


INPTAJJ9 
INPTAJ70 
ptojaa 


tnnhi 


ii.uai.M.i 


1TIAL  VALUt  OF  CONSUMABLES  « UN IT3/HH ) ' , F 7 , 0 . 9F« , 9// , 32X , ■ SET ' , 
0 /, 'CONSUMABLE  THRESHOLDS  (UNI TSl ' ,4X, ' 1' , 4X. 10F8.0, /,33X, ' 2 ' , 4X , 

E 10F8,0,/,3JX.  '3'.4X,10Fe,g'. /.33x,'4',4X,lnF«.0,/,  J3Y,  'S'.MX, 


F 10F8.0,/, JJX, •6',4X,10F8,0«/.33X,'7*,4X,i0FS.0,/.33X, '8',4X, 

G10F8 , 0/33X,  '9'.4X,10F8.0,/32X, '10 '. 4X, 10F8 , 0// 'CONSUMABLE  THRESHOL 
NOS  (UNITS/MH)  i*,4X,10F8,0,n33X,'2t,4X,tOF8.0./.33X.'3l14X 


,10'A.Z,  ,/, 'AVERAGE  EOUJPMENT  INTERMITTANT  RELIABILITY*, 

NF«,2t3F6,2/» 'OUTPUT  RECORDING  OPT  I ONS • , 13X , 7 1 8 ) 

200  IFIRASE  ,Lf_t  1)  GOTO  201 


Niia  ni 


DO  205  J"1.10 
PTT(I.J)  . PTTT | 


201  NFPl  ■ 0 
N|P1  » 0 


IF  («NFPl,Nfc,Ul).0R,<NIPl,NG.16l)>  GO  TO  9020 
IFCKASE  ,NE.  D GO  TO  209 


I'MKi'l  ■LIl 


DO  208  J-1.1U 

PTTT 1 1 , J)  « PTT ( I , J) 


NPT049? 


INPT0509 

NPTn5l(l 


I NPT0539 
INPTQSAQ 

inbtpOso 

INPTP5A9 

NPTP570 


INPTA59P 
I YPTP6J0 
‘ fNPT  n“$  1 0 


JBXS  PA®  IS  BEST  QUALITY  PRAUTTCAltal 

JBQM  OOPY  FURHISHJSD  10  DDC 


l»9-27-7ft 


20«  DO  220  1*1.10 
DO  210  J*2,10 


PTTi j,  n»p  r r ( 
210  CONTINUE 
CONTINUE 


INPT0629 

1NPT06J9 


('Pl(I>iI*22.Jl».(Irl(6*I*l|,Im7|26J.<rPl(J)1|«S2,4U. 

31 IPlt6*l«2>« 1*7,26), tFPit I) ,1*42,51), I |Plt6*l»3), '1*7,26), 
<IFP1H).I«52,61>,UPU6*I*4!.I*7,26),IFP1H).I«62.71). 


5 U PI (6* I *3 1.1*7,26 1 1 (fPKI  >.1*72.111) 

0200  P0«N*T(1Hi,5«x. * PERSONNEL  DATA',//,'  - BODY  WEIGHT  - SPECIALTY 
FRACTION  OF  CREW  QUALIFIED  LEVEL  NUMBER  or  HEN  IN  CHEW  BT  TYP 


|FB,2»6X,,2' ,3X,ioI3,/,6lYif3' ,5X,10I3i/,61X»»4',5X,10I3,//, 
3 ' HAN  CUMULATIVE  CROSS  TRAINING  PR08A3 IL IT  IPS • ,?»X , 

6 'CR£H  ASSIGNMENT  TO  SHIFTS  BY  HaN' , ' TYPE ' . 5X . 


, 'l  c 3 A 5 6 7 o 9 10  SHIFT  1 2 

S3  4 5 6 7 B 9 10  11  12  13  14  15  16  17  18  19  20'.//, ' l'.SX, 

9 10(F4,2,1X>. » 1 '.2013,/,'  21iSx,10(F4l2,lXl,'  2 ',2013, 


A/.'  4'.9*,1Q<F4,Z,LX), ' 3 ',2013,/,'  4 • , 5X. 10 C F 4 , 2, IX) , 

B I 4 1,2013,/,'  3',5X.10<F4;2,1X), ' 3 1,2013, 6',5X, 

C 10(F4,2,1XI. • 6 ',20131/.'  7',3X,10(F4.2,1X>,/, ' B'iBX 


L'Kf Uil 


llk'l  W-l  ( f\ T ) J ill 


E 10IF4.2.1X),/,'  10'.5X,10<F4,2,1X)> 

unire(6,B30P)  hpi.pid.zpc 


MIMi'l.i.n 


1 'PHYSICAL',/, 'MAN  DAYS  PER',  9X, 'DURATION' ,12X, 'CAPABILITY* ,/, 

2 « INCIDENCE', 33X. 'CONSTANT', //,F7, 2, 1>X, F3. 1, lBX. F4 1 2 > 


IF  I ITER.E**,!)  GO  TO  300 
REMIND  10 

REAP! IQ)  NFP4,NIP4,NEQRE,<FP4(I>,I»1,NFP4),IIP4.>  11,1*1, NIP4) 


IU  <U  JUl 

300  NFP4  ■ 0 
NIP4  « 0 


LJ 7 lilLnl'KilllJ 


NEOR6* IP4  < 1) 

I r IN  ,LE,  II  GO  TO  3 01 


RBMJND  10 

WRITE  1 10»  NFP4,N|P4,NEQRE, (FP4(l>,I»l.NFP4), ( |P4U), I*1,N|P4) 
HR  * 2 


if  undid  ,ne.  u .and,  itfr  ,le;  d write  (6.b329> 

OQ  350  I a l.NEQAE 


,49X, 'EQUIPMENT  ANO  REPAIR  EVENT  DATA'! 

00  303  J«l, 12 

IDESIU)*  1P4IKH  ) 


INPT0850 

INPT0830 


INPT0B70 
I NPT  0839 
INPT0890 


I NPT0913 
NP  T(l9?(t 


I NPT0930 
I NPT0940 
INPT0950 


iNPTn9M) 
I N*T  P970 
NPT097P 


NPTp933 
I NPT 1 P OP 
INPT1010 


£ 
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ftaaaft  01  qw/./a  i4.oa3 

309  KK«KK*1 

IS"  « 1"«  <KK) 

INPT1020 

INPT1030 

tSRi  » IP4  ikK  ♦ D 

INEX»JP4(KK*2> 

JNPT1040 

INPTJ050 

1 NPT1060 

l^FNka  I P4  («<K*3 ) 

KK«KK*3 

RELHI1 )«Fp4|MM> 

INPTJ070 

JNPT1080 

INPT1090 

ruidiirPifAH/ii 

C DTRI 1 )«PP4<MM*2) 

MH«MM*2 

INPtllOO 
| NBT 1 ilO 
INPTU20 

lTEM«J 

OOJjQ  JJ'I.IIEX 

INPTU30 

I NPT 1140 

lNPTll’S 

tSuTSTSR 

J«J*1 

Tll< J)«TSR1 

IWJUT 

INPT1170 

INPT1180 

tSTYPU)  - |P4  (KK  ♦ 1) 

1NEIJ)  • |P4  <KK  ♦ 2) 
ifUJ,pU>.Nfcffl)  IPEIJXIPEIJDITBM 

|NPTU»0 

INPT1200 

INPT1210 

NX  (l»J)  ■ IP4  IKK  ♦ 3 i 

NX  (2 1 J ) ■ I P 4 (KK  * 4) 

NX<3, J>  • I P 4 IKK  ♦ 3) 

INPT1220 
INPT12S0 
f NPT I 240 

Nx(i*  J)«nx<d  JuITeH 

NX(2i J)»NX(2, J)*tTEN 

NX(3iJ)»NX< 3,J)*1TSM 

HPTiiso 

INPT1250 

INPT1270 

AfUIJ)  ■ 1P4  IKK  ♦ 6) 

1POIIJ)  ■ |P4  IKK  ♦ 71 

IIFNIJJ.IEFNX 

INPT1280 

1NPT1290 

INPT1300 

OfM J)«FP4<MM) 

PNBU.J)  ■ FP4  <MM  ♦ i) 

PRB(2,J)  ■ IP4  (MM  ♦ 2) 

INPT1J10 

INPTJ320 

INPTJ330 

PSSTTTjT*  Pp4  <MH  ♦ 3) 
IB0C(1«J)*FP4INN*4) 

lBRSiHi'HUi!!!!*?! 

tNPTliKO 

1 NPT 1350 

IBdCI J, J>.FP4(MM*6) 
6DCVU.J).FP4tMM.7) 
1DCVI2,J).FP4IMH*8) 

HphJto 

INPT1380 

INPT1390 

§Oc94 3, ji«FP4<HN*5> 

STU)  * 0,0 

YLNt  ■ 24,0 

inptUoo 

1 NPT 1410 
1NPTJ470 

KK»kK*7 

* 

UO  CONTINUE 

INPtl *30 
INPT1440 
INPT14J0 

KK  ■ KK  * 1 

C MH  a MM  ♦ l 

INPT1460 

INPTM70 

INPIlfJO 

IF  UNDID  ,NE,  0 ,*ND,  1 TFR  ,UE’,  D HR t TE ( 6, 6330 ) 
l MOBS,  TSR,TSRl,REI.HID,  TU|  1 1 ),  JREX, 1 JETYPIJ). (NXIK, J),K«i»3>. 

zipffiirtrrji.  K»i, n u jr~n e ire  i ktj i ; * . itjt: — At- 

INPTI 490 
INRT1500 
INPT1310 

1 


THIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
‘ ‘ FROM  COPY  FURNISHED  TO  MC 


MN  ■ HM  ♦ 3 

BelrWr  

430  MM  « HM  « t 

— WgwgfrjHtlcfnrn 

439  CONTINUE 

■ wi'u : r 

KK  ■ KK  « 3 

twiamr* 

Tt, < 1*9001  > 24,0 
Tiu«9oo>«  Tsem 

— viilpwy-'  Tin  In 

MTUI  U9«0>-1 

— iwmm 

Mirii«9oom 

— KfcSJHS: 

I IOC ( 3 » I*960)«0 1 

— iiirlrli!A44o^fji?ES;p'tri5?*s^ff^l5nnlTsfe 

1 LODME(n:iHE<n,|NMEQE(J,U.J*X,10I.URCE(J,I 

2 QTEI 1 1 , ( [PtRCT 

1440  ra«Hm^>«kHEW  PesewllTiaft* ,TffST* "'^Wgl^AIR-T 

JMMOWO  SET',/,'  NO.STOOJ'AVO  SIGMA', 8X,' 
2 •UNITS',//, 13, 4X, 

— 3 UAATTis.ri tsttoI . r a: r, r io? . i *■, t iii , i s 777 e 

30  NUMBER  Or  HEN  REOUIRSO' , T?2, *C0N5UMaRLE 


lit) , inSSEU  I , 

),J*1,10),NDBEU), 


IUNJTS/HH) ' ,6X, 

SSFN-  hEnTAL  HAZAR 
Expendi tune  RaTE<mn 


INPT2070 

jjsmasA. 

ilRfmtr 

|N»»T?100 


JLltlHUL 

1 hpt ?i eo 

|N»T?t JD 
IHUT/nn 
TWTTT5 
INRT2160 

1 vp  rgt  rq 

IHcrjlSn 

INPT2191 

■mm 

INMT2220 

INRlUUL 

TnmtTTo 

IMPT2250 

INpthsjl 


• ITS)',TU1,'EHERCENCT  TARGET', /,T29,'l 


.»,T72,»  12  

• 9X,  1014,  T72. 10IT3, 0>,  TU9, 12,  RX,M;2,/,T27, 1014,  T7X.1UI3) 
490  CONTINU- 
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i •* *n,!>>|: ,hS|ySSll5T|,;riCTil;KHL,f sibfcM^ibtw, less $#$$$' 

3 I (KONCK I), 1*1, 10), ( IKONCt l ) 1 1 al > 10 > OUTP2420 

0*64  FORH*r<i*)Ml«6PORT  TOR  0AYI3,UH,  tTERATI0Nt3F19H  NO.  F. VERTS— TOTAOUTP2430 

TCTTTnW SCIIEDUL'E&'M.OH HwnftijiH P?tecTT«7IP REPf  Atniltf  ?4«o 

2S|4,12H  SUCCESSESI4,UH  FAILURES|4,10H  IGNORES! 4/22H  HOUPS  3UTPJ450 
3«0R«O— TOTALEo'.l.llM  SCHEDULED? ft i 1 , OH  REPAIRFft.i . 7H  FHER,  0UTP?4ft0 

fro ;i, tow  TWRTWREprtfnifW  avr  vt*r*fotur3.i;t*n  ivi  mi  Bin — sPT»hyr 

3 F4.3/  25«  PERCENTAGE  OF— FA HUREF5 , 1,  15M  SUCC*>UTP?440 

ft,  1ST  TRYF5,1,15H  SUCC,  2ND  TPTF9,1,9H  1GN0RE0F5.1.9H  REPEATSf 9GUTP2490 

M/iftR-  siTETTnTFTFA.s.iffUF  TvntaiH  - Hmsr  Cwf> !wmr 

0 ro,2,10H  PERF  EFF  F9,3,ftH  HAZARD|F7.0, • EOUIPMENT  REPAIR*,  !>UTP?910 

frpr~ftni | * s t^|ssrf7f7o w oh  EvcHnraen  haf.  ~h  petal  TBIWT7T7 STOffp" 

A9H  ON  EVENTU.20H  MAX . CAL,  EXPENDEDFft , 0, 9H  ON  EVENTU.10H  SEA  STOUTP?940 
8AU^l3/23H  CONS,  B*l,  <UW|TS>  1DI7F23H  CONS.  BAL.  (UNITS/HR)  10^P|||8 

HR J TE (6,99B9 ) OUVP2970 

9*89  FORMAT «129H«** AN  TYPE  PHYSICAL  HOURS  WORKED  SLEPT  IDLE  FATIB'J0UTP29B0 
IE  HEALTH  AV3  PPV5  'COHPETMer  ASPIRATION  *'  P|gPaRH  WUhBCT"'  1 MuTPgflo 

2 / 4H  NO. ,10X,4HCAP,4X,1?HPRIH;  2ND,28X,3lUNDEX,2X,BHWDRKl.OAtnUTP2*0« 

329*»4HCUH.#4X,5HS0CC.)  OUTP2610 

ecr r*«i  i-i.ic roroyr 

WRITE!  ft,  9987)  l . IPS!  I ) ,PCCU> , TWP 1 1 ) ,TWSU ) , DS<  l ) , TFH3U  I .T  AT<  |) , 0UTPP«30 

ffi7^pUA^iH<(!)in,l;Hi!S*!p^!lirM.rf!i?p&!^i!i!pio,9,Pi».f. — WRsih 


BOTP2420 


JBISI1GS  IS  BIST  QUALITY  FKACHOBd| 
HON  QOPY  FURtUbHiw  IV 


tru.8,  F9,8,ro.o> 
im  continue 


OUTP766Q 

3UTPP67 


ethujim 


r?5HiT‘!!!0tv|?*?E8/!H  ***  HANFu.S.aFT.a.FT.l.FO.l.FO.if.FO.a.  1UTP8090 


l rt0i8.ri2.3,ri2;2.r9.2.rio.j) 


ijuttnu  u 


FQRHAT(1H0//17H0AVERAQES  8V  TVPE/11H  NO  TYPE) 
DO  1999  I«l,10 

ffitirram  — 

ir<K,EQ,0>  00  TO  1999 
HRITEO,9990)  K,|,<T0UTAIJ.1).J»1.18> 


OUTP8700 


0UTP2780 

0UTP8730 

~wjww 

BUTP8750 

0UTP8760 


3 /i<iiXtia.9xlf9,.x,9X,r9,2ti9.r9;8«|x)r9ls(»  .•» 

ACAR T j 1 ) « 0 , 


LH'iHtni 


ACumi«o. 

06PEFF<ND)«fcPEFF 


.itmunmijii 


ACART(ND)aCART<l)/tQNAX«ACART<NDI 
ACDTIND|>ACOT(NDi*CDT(I 


tw /OPHAUlMO./.  'AVERAOESMox;F9,8,9X,F9,8,1X,F5.8,8X,F3.8, 


!>UTP?9<n 


ItfUJlflJ 

ki 


xi, 1 


2 ?.1..2IS!S2.,,5Rr0,,M*',CG  LEVEl-  '.W.t.lM.*  STStin  EFFECTI VENESs'mFOUTP?960 
C 318URE  1 >F9,g)  0UTP897" 


nil  if  n tvin 


bDiui-rra 


*199  FOPNATtlMl.'SUHHANY  BY  EVENT  CLASS' ,/i*  EVENT  NO  I OF  HOURS 
1MQRKED  --—PERCENT  OF  TINE— -A  PERFORM.  AVQ1  FAILURE t/'  CLASS 


ouvc  r ail  I1 

3 DIFFERENCE')  3UTPS02-) 

9P..1.°Jil?!t40 OUTP303D 


00  30  Jmii 9 

30  CCSOTAUjlM  CLSDTAU.H/CL9DTAIl,n 


<1'U>  1L I 


1 IP|RCT|J ) . IPERCTI3) • IPERCT(4) , IPERCTI9) 
8 tL30TA(0tI).CL9DTA(9,U 


.LLUIlim 


• 10,  t #,?,F1?.8) 


OUTP3053 

OUTP39AO 


0UTP111D 

3UTP3U0 


ojtp 


9-27.76 


"ins  Mffl  IS  MSI  sratitwi®1®* 

rooii  COM  FURNISHED  TO  DDC  — 


60  continue  90TP3140 

gE9B$"«H9B. aUIilUi. 

ENTRY  0UTP3 OUTMISP 
2030  URITE(6»90?9I  ITER.NDNAX  0UTPS174 

MI%rt5!»Tii>iii"6,,SK>rjrari8jii8’,|!'-<Mr»if-i;a8s:>;isn8;-'--/ — 

3 _ — -»END  or  06V  AVERAGES-*- -------  INDICE 33UYP313P 

4/9*.123H  suet  suca  FAIL  IQHQRE  PR1H.  SECOND  SLEEP  IDLE  OUTP32IO 

5 PRVS  ID  HEN  LD  tbSp  AP*  FatT  aSpnCTm  SFTOUTP3220 


09/ 1 

TUT  TWCTTTT JTTI  «i 74 M DAL V < ! . J \ , ! .ii . t * ) 

9030  roRNAT  < I4.ix,3r9, o.ft.o, 4F7;2,24x,  ra,2.ro.2,ro.3,ro.2, 

i ro.a.r3,a»arp,a> 

roi^OMAi  " — “ 

90X60,0 

— B-iBi  w;r»» 

T0T*T0T»DAL9( J,  | ) 

2099  I ITEN( J« ITEH>»I IT|R( J, i TER)*OAlY( Ji  I ) 

RT3f9i"j;i.'4 * : 

2090  l|TER(J.tTEK)al|TER(3.ITEft)/TOT«100;Q 
DO  2090  J»9»8 

M "50if  T«liNDHig  

2097  UTERI JilTEN»aIITER<J.ITERI*0Al9tJ#|> 

^,n»tlf8iW8'>1TMM,|TJI,|/fp 

jiterii.itehi  a konc<i>/kon(u  *ioo;o 

2TEM  « X0NC1M) 

jnpn*u«ircm~"irm — mvmrmt.t 

2001  CONTINUE 

8 'MB  |'a|?^wm 

2039  ItTERIU, ITER|a| |T£P( J, ITERltDAL Y( J, I ) 

2000  HTER(J.ITER)alITER(Ji|TER|/rD 

rnTERH.rTFfT.lET.SJ.UITERtl.irefii.l.iJ.iOi 

9031  FORNAT (IN  /3X.22H— PERCENT  OF  TOTAL— a4X;* AVERAGE  PER  DAY  PER  HA 

1N'.49<.«AVEH»0E  PER  DAT*./ 


3UTP3230 

OUTP»<0 

OUTPtJfO 

OUTP3260 

OUTP3270 

tUTP3200 

0UTP32O0 

mm 

OUTP3320 

OUTP3330 

outpHaF 

0UTP339*) 

QUTP3300 

OIJTP3370 

0UTP3300 

mm- 

OUTP3410 

3UTP3421 

TOTFJW 

0UTP3440 

mm- 

3UTP3470 

9UTPJ4S3 

W!W 


DO  3010  UaltNDHAX 
00  3039  I at ,1Q 


3039  CONTINUE 

HR|TE(6.304« 

iSiTT8mnT(|4ii  c 

3010  CONTINUE 


MPERCTlIl 
IS,  8AL,  <t 


9UTPS530 
3UTPJ943 
5lltP3933 
lUTPSSf 3 
0UTP3370 

OUTP359H 


3019  CONTINUE 

UNITE (0, 930901  UPERCTt |), l»i,iQ> 
roRNAl 


mJfPSOAO 


HUS  PA®  IS  BfiST  QUALITY  FRJWtMJLft* 

TBQH  COPY  FURNISHED  TO  DDC 


! 1 


N 


65666  01  09-27-76  14.083 


DO  3020  <J<1<N0HAX 

WRITE  (6.3030)  <IDALYi<l,J)II«1.10> 

3H3P  rqUHMIZlM  UHRS,  HAL.  IUnIIS)  * tVI0|7) 
3020  CONTINUE 

00  3025  l.l.io 

ITCITCT  t | ) . JrT'EH  l Tm . 1 Tf.B ) ♦ , 6 

3025  CONTINUE 

WRITE <6. 93050)  ( 1P£RCT< 1 ) . i*i;iO ) 


DUTP3650 

9UTP3660 

somm 

0UTP3630 

DUTP3690 


awin 

90315  F0HNAT(//9X, •- 
1 'REPAIR  MAX 


WRITE (6 

NUHBER  OP  EVENTS 

_ WAX.  PTRr.'.llX, 

Ti1 — sttmTjrtfr- -scwt  d — — 1 

3,'  TIHE  STRESS  HEN  UO 
A (HOURS  STATE'/) 


nuTP37on 

9UTP3710 

0UTP3720 

0Ut63733 


eff; 


twit 


00  2U62  J.l.NOHAX 
00  3050  1.1.3 
^cr«j.»-nAky(|n?,J,.,5 


AVE.  HAN  HOURS  SPENT  », 

AVE.FL  NUMBER  UNMANNED* 

SUC2  EHLHQETieV»0UTP3>60 
SUCC.7.5X,  0UTP3770 
OUTP373Q 


PFRF. * .11X, 'AVE.FL  NUMBE 

REPAIR  few|Rf  REPEAT  REPAIR 


tt-rep 

HAZARD 


REPATT 

DIFF 


0UTP3799 

OUTP3800 

3JTP381Q 


JRERCT ( 4).DA(.Y  ( 30.  J) 

J;NOSE.(DALV(i;j).I.,0.23).RSSUC2lOALV«24.J). 

1 HfcK  IN#  I DAL  T l J # J | # I « 25  I 32 ) 

WR!Tfc<6, 90316)  J.NOSE , ( IPERBTU  ) !«1, 3) , DALY (23 , J> , 

1 RSSUC2,  DALY  (2A.J).REPTH,(I)ALY<I.«)).I«25,29). 


f)JTPi 


TUTRTfjn 
0UTP3830 
OUTP3840 


3 fPCWcT <4 1 . TTJaTF? i . j) . i *31.42) 

OQ  2062  1.20.32 

lF6.2*4x.F4,2,jx>r5.2*3X/F5f3.3X»F6«2<2X.F3,2,3X.  . J 4.6X.F6, 2, F7 
DO  2063  1.20.29 

- 2063  nrpnrTTTPn  • nTiffrrrniwTTFij 

IITER  (32J1TER)  ■ IIT£R  <32IITER)/F0 

IITER(31, ITER)  . 1ITER(31.1TRR)/FD 

9031Y  FORMAT ( 1H0 • ' AVQ/DAY* ,215. I7,I6iF9,r; 

1 F6,2.F5|l.Fl2,2.2F8,2. 

2 F6(3.F9i2.F7,2.I7iF12,2.F7,1) 

bo  mo  1.1.3 

2066  CONTINUE 

IRERCT<r  «l<TER<  1*19,  ITER)  


bUTPmrt 

0UTPS860 

OUTP3870 


0UTP38S0 
OUTP3890 
JUTPS 


-mm- 

• 1 )9UTP  3920 
0UTP3931 


9UTPJ940 

OUTP3930 

OUTP3960 


re^Tmd.repth/nd 

RSSUC2D.RSSUC2/ND 

RS10T.RSTOT.RSSUC20 

— — 


OUTP.030 

ourPAon 

QUTP«o?n 


ouTPOjn 

TJTP4043 


. [4)«llTEH(30,tTER) 

WRITEIft,  90317)  N0SS,(!PERCTm,I«l,3>»IITER<23.  HE«)  .RSSUC2D, 

— I — 

WRI TEl 6. 9034) 

9034  FORMAT!  III  30H0AVERA0ES  PY  TYPE  OF  PERSONNEL/) 


1UTP4050 

0UTP4060 

JUTP4070 


URITfel6,9032J 

9032  FORMAT ( 127H0N0,  TYPE  PHYSICAL  HOURS  WORKED  SLEPT  IDLE 

1TI6UE  HEALTH  AVO  PHYS  COMPETENCE  ASPIRATtON  PEHFORH 

8 BOTBET),7r4*,4HfflP.4X,iJHPRIH; 2LP,gr.x.bH|HDEX.2X. 


ta 


OUTP408'* 

3UTP4090 

9UTP4100 

<)UtP41i6 


t 


J 


B-106 


j j 


I 


IBIS  PASS  IS  BJST  QUA1/1 17 TRACHCABIE 

TOM  CO fY  FUR»ISHfiD  rb^d 


«t»t  01 09»27-76 14.063 

3 •MMORKLO»n,30**4HCUHt,13X,3M3tJCC, J 

6!  S992  1-J.hohax 

_ 0UTPA160 

Bo  sob?  jinn 

K*NT  t PE t J ) 

. ..  iLl5i§MM!0LTO*20*2  ..  ! , x . , , , 

OUTPA 1 70 
ouTPOsa 

OUTPAITQ 

DO  3064  KKat.lS 

iUTMjjO 

0UTPA210 

0UTPA220 

"7W3  fh  tgftiKK.  J,  !Te<»).tl!fE«IXKlJ,it|S|*tDAUX«KK,j,|> 

2065  CONTINUE 

DO  2067  2*1.10 

nilTPABTO 

OUTPA?A« 

0UTP425A 

RlHTIPrOT^ 

IMK.EQ.O)  00  TO  2067 

DO  2066  1*1.11 

0UTPA&6A 

OUTP4270 

02TPA200 

1644  TTntRlliJ.ITflljaliif^lfl  J,J,lfl#j77B  ' 

WR|Tt(6,99<»l)K,J,<Tt ITER<l,J, ITER), 1*1, 12» 
mi  rojNAT»i4,i5#fn.3.rio,3,2r>.o,r;.i,r6.i#ro.2.n».2.ri0.2fri2.3. 

OUTPA290 

auTPAjon 

l naia.iox.r  »raj 

2067  CONTINUE 

2070  JONMNUE 

OUTPASSa 

OUTPASAO 

7j(l)»CUTI/lCUTI*46TT} 

T3<2)*CARTI/FUO»T<NREI> 

REHTNaRENTR  • T3<1> 

OUTPA350 

0UTPA360 

OUTPA370 

r6ntn«rentn  ♦ T3(  2) 
tr<iNo<7).Eu;o>  return 

NR1TE(6.0275) 

0UTPA340 

AUTPA390 

OUTPAAOO 

9l75  rONMATf  JohOAVERiOeS  PER  CAY  70R  EACH  HAN/) 

DO  2072  1*1.12 

2072  OUTAdlaO.O 

OuTPAAlO 

OUTPAA70 

0OTPAA30. 

fia  #000  1*1, IC 

DO  2075  2*1.12 

INTABU, 1,  ITER)  • IHTABU.  Ii'lTEN»/F0 

OUTPAAAO 

OUTPAAOO 

0UTPAA6P 

2075  «Ut  A ( j J «0(J  T * < J)  ♦ IHTAH7  J,  7 , f I “ ~ ~ 

2000  NRITE<6,0091)  I , I PS(  I ) , ( IHTAPU,  1 • ITER) .2*1,12) 

OQ  2002  1*1,12 

6UTPA470 

OUTPAAAO 

OUTPAdR 

2087  BuUI nioUTl? ti/ruc 

NR  ITS (6, 0906)  (OUTAI I J , 1*1, 121 

0096  fORHATIlOHOAVERAOES 

OUTMSftft 

RUTPA510 

OUTPA320 

l 2fio, 3. 2f7, 2.P;i  1,^4, 1.70,2.76, 2,7 iO.i./'lR.i.r  1?, ?,i ox.ro, 2) 

C NRHE<6,9997>  T3U),  T3<2> 

C00?7  r0RNAT{//iM0,*E0»JRNENTHEAN  TlNg  B£T«|EN  TAJCURES  *.T8.J, 

OUTPA550 

OUTPA560 

t l T EQUIRKeNT  pean  TIME  TO  nfPAjrt i,)6,3) 

AVACAaQ, 

A»ACD*0, 

ftUT6«57o 

AVACU.O, 

AVAEPaO, 

AVOEPaO. 

Da  2699  1*1,NDHax 

A VAC A* AC ART! f )/NDNAX* AVACA 

AVACO*ACDT( 1 )/NDHAX*AVACD 

A V A CUaA  CUTrrT/NDH  * fTAVTCU 

•■107 

i 


> 

I 


4 


1 i*i 


flns  TJM  IS  MST  quality  mutiCA&i 
mon  oorx  runusHD  to  too 


AVAEP*AEPL< l)/NDMAX«AVAEP 

AVDEP*D|PEFF < l l/NDMAX»AVOEP 

1 

levs  continue 

UR|TE(4,2199) 

" ' 

PUTP4980  3 

00  2004  1*1,40 

ifi  wgwnii — rtr*  i p — nrt — mrw  mm 

0UTP4J9 fl 

DO  toes  J*2,9 

IPERCT ( IFM )*CLS0TI (lFM»l,t)*100,»,9 
2090  CONTINUE 


lki  niff  ten  si 


l < IPkRCH |f M) , IFM*1,4) ,CLSDT | <0, | ),CLS0TI (9, I ) 
2004  CONTINUE 


i’LUiKniiiiiiiiij 


LI*lLU  I IFLW'lfl  I If  IH'lllliVIdJlIlflillJlIMII 


OUTMMO 

1UTP4670 

ngTFnfl 

0UYP4540 

PUTP44S0 


0UTP4070 

UTP400 


1 l*l,NDAYS> 


demttr< I 


•DAT  AVO,  REPAIR  TINE/EQUtP  UP  PERFORMANCE* */, 

?*,*6*PEctEn ACTUAL *.6X1* TINE  LEVEL  EFFlC'./ 


UR  1 TE ( 6 , 9009)  AV ACA , AV AC0, AV ACU, AV AEP • AVDEP 
00Q9  FORNATCjM  ,/,tAVC.*,  r9,2,Fll,?,FlO,2,F9 


mmi 


ENTRY  OUTP4 
FL|TER«ITEN 


MUiZM'I.l 


OUTP4700 
OUTP471 0 


r.mjTun 


9999  FORMAT ( 1AM1RUN  SUMMARY  F0RI3.14M  ITERATIONS  0FI3.12M-0AY  MISS|ON/PUTP473n 
l 127M  ITER  NUMBER  OF  EVFNTS  AYE.  HAN  HOURS  SPENT  0UTP474 


I'll  1 m I'l  ElJ.'I.M.iai  LV>Vi  4.1  T -T  4,7 


IH  Tlj 


27|X 1 12SH  SUC1  sue;  FAIL  IGNORE  PRIM.  SECOND  SLEEP  IDLE  9UTP47A0 

? PHYS  LD  MEN  La  COMP  APA  FAT,  ASP  NLTH  SFTBUTP4770 


lOX.lSHAVSRAOE  PER  DAY) 


l'lLioem 


ILl'11-Ul'FHil.U 


DO  2110  1*1, ITER 

RR| TE( 0,9994)  I , (||TER( J, t I. J.ljl 


itro,2) 

- _Pl.iUl.VJhj? 


DO  2109  J.1,10 

OUTQU)  * OUTKU)  ♦ JITERIJ, I 


UU< B • UUTB(J*10)  * Jl 

2109  CONTINUE 

2110  CONTINUE 


UlMIlkWUWtL 


9UTP4M4 

UTP406 


0UTP40P0 

PUTP4891 


PUTP49)i> 
NUT*  49?') 


I 


■ . • Tk  *‘i  f 

tttts  not  is  BK^MMtatetiosLi 

fltQM  OOit'Y  7URIUSHJSD  10  DDQ  - 


sx.ars.i. 


3r7,a,«4Xi  r$,g,r».t;r«,3,n;g, ro, '2,79.2,  outp4*7o 

aut»««ao 


30701foRnII!/!m 


1.1*1,10),  MIl*l.s  ®77i 


i ),J*i»2n), 


ronN*n//«  cqnsuh48i.es  balance  - percentage  of  originai'/sax, 
ruWTpEH  MOUft) t ./* J .ik.io iftlix.iotft*/, 
a (!J.JX,10F*,1.4X, 10F6.11) 

00  3029  1.1x28 


QUTP9000 

•U1YP9010 


3929  CONTINUE 

nifrBSS  fHn9?f!  r ■ -*  JS-H ; ,l  1 HWItt;**  . i tr 

NftlTE(6,9ll9> 

9119  FORNAX  I//131H  itgR  NUMBER  OF  EVENTS 

**  "iAiriiiitn  npn  ld — plffrifr-^AiA* 


OUTP9069 


2NANNE0  SEA  / 8X.40HREPA1P  ENER 
DO  9117  IJ.1,3 

IRERCTC 1U)»I ITER( I J«19, 1 ) 


:>  m HELM"?  »f|N.T 
avq  tail  nONre# 


, OUTP509P 

HQUTPMDP 

UN 


REFT  REPAIR  EMERG|NCY,5?X, 


1PERCT 1 4 )» 1 1 TER(30. 1 ) 

HRlTE<6,9Q4ia>  | i I IPERCT1 JlfJ.lt 3) » UITER( 


1*23  • 79 1 1 


OUTPMSO 

OUTPMOO 

"SoTmrr 

0UTFJ1B0 

3UTR9190 


9114  CONTINUE 
9Q414  FQRNAT((9 


URtTE(«,90318l  (OUTAl 1 1 , 1*20, 3t) 

00  2120  1.1,11 

DO  2120  U*1 ,10 


3UTP9210 

a 

5UTM24P 

3UTM23Q 


QUTR9270 

JUTP92RQ 


<1.0  lOVIMl.vU  * 0,P  1UTP9ZVQ 

9120  F0RHAT(///30H0AVERAQES  8V  TYPE  Or  PERSONNELS)  'IUTPJ300 

HR| TE ( 6 , 9120 1 ' 0UTP93I0 

— ” UHITECftfvfSHI SOTimr 

9998  FORMAT  ( 123H0  TYPE  PHYSICAL  HOURS  WORKED  SLEPT  IDLE  FA3UTP9339 

1T1GUE  HEALTH  AVQ  PHY5  COMPETENCE  ASPIRATION  PTREOHR QUTP934Q 


3 8HW0RKL0AD, 30X, 4HCUH, ) 
DO  2129  1*1. ITER 


triNTlPEtUl'.EQ.O)  00  TO  2124 

00  2123  K*l, 11 

717  !T  TOUT  1 1 r; JiItC’U  T a 1 27J  5 *T  1 1"TfR  ( 
2124  CONTINUE 

2129  CONTINUE  


0IJTP9360 

PUTP9390 

OUTPMQA 

■MTPtanr 

0UTP947O 

0UTP9430 


00  2140  4*1,10 

■iPKiwa.ir- 


00  TO 


1UTP9490 

0UTP*4»Q 


lUTPMRO 

TUTPXm 


I 


sbxs  nss  xs  best  QUALITY  rskcntt&a 

nm  OQW  fUMUSKB)  to  DDC 


1 


09000  01 09-27-76 14.003 

2130  TOUTAI | , J)  a TOUTAt !i Jl/FLITER 
. NEI TE ( 6>  9993)  J. (TQUTAJ1. J)j 1*1.11 » 
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APPENDIX  C PROGRAM  FLOWCHARTS 

This  appendix  contains  the  program  flowcharts  for  the  digital  simulation  models  as  follows: 

• Appendix  Cl  • 1-2  man  digital  simulation  model 

• Appendix  C2  • 4-20  man  digital  simulation  model 
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Simulation  Input  Data  Preparation 

Input  for  the  intermediate  size  crew  simulation  model  are  initially  pre- 
pared in  NAMELIST  and  final  field  formats.  Actual  card  layout  and  sequencing 
information  for  these  formats  are  given  in  detail  in  this  Appendix,  and 
correspond  to  the  types  of  data  presented  in  Table  B-l. 


Table  B-l 

Types  of  Punched  Card  Format 
Card  Format Type  of  Data 

1 Number  of  iterations 

2 Title 

3 Tape  input  and  number  of  days 

4 Parameters 

5 Personnel 

6 Equipment  repair  events 

7 Emergency  events 

8 Event  type  data 

9 Sequence  data 


In  the  NAMELIST  format,  data  are  punched  sequentially  in  card  columns  2 through 
72  without  regard  for  column  assignments . A comma  separates  each  input  number. 
Thus,  all  arrays  must  be  completed  with  zeros.  For  example,  the  cross  training 
probability  matrix  must  have  10  x 10  entries  even  in  the  case  that  there  are 
fewer  than  10  types  of  personnel  to  be  simulated. 

If  the  simulation  calls  for  more  than  one  iteration,  the  input  routine 
dumps  all  input  data,  except  for  the  parameters  and  personnel  data,  onto  a 
magnetic  tape.  This  tape  is  then  read  in  the  subsequent  iterations.  A tape 
created  in  this  fashion  can  be  used  to  supply  input  for  future  simulations. 

The  sequencing,  content  and  structure  of  the  input  data  rules  follow: 


0-3 
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■ j 

' < 

■i 

l 


Title  Cards 

Description  FORTRAN  Format  Value 


Card 

Format 

1 

Number  of  iterations 

NKASZS 

Card 

Format 

2 

Title 

KEADR 

Card 

Format 

3 

Tape  input  option  (000=  card. 

ITAP 

001=  tape) 

Number  of  days  simulated 

NDMAX 

Input  Parameter  - Card  Format  4 


Average  psychological  stress  threshold 
Number  of  hours  worked  after  which  no  new 
assignments  are  made 

Number  of  hours  worked  after  which  further 
work  is  unauthorized 

Number  of  hours  since  last  sleep  period 
by  average  crew  member  at  start  of  mission 
Catnap  length  number  of  hours  below  which 
is  rest,  and  above  which  is  sleep 
Maximum  sleep  permitted  per  day  (hours) 
Fatigue  threshold-below  which  sleep  is 
not  authorized 

Average  crew  pace  (averages  1, 

Fast  <1;  Slow  >1) 

Number  of  calories  required  by  average 
crew  member  per  day 
Average  short  term  power  output  for 
average  crew  member  (calories/hour) 

Derating  constant  for  acceptable  performance 


Fraction  to  which  man's  physical  capability 


reduced  when  daily  quota  of  work  is  done 
Effect  of  stress  on  performance  on  a 
Jhd  sttArttaa-' 

Ajwnga  Aapiratlos  ussl 
<*Tef  CWrf~ttib«lkHd  fob  unmanned  station 
hours  j 

Initial  value  of  consumables  on  0 

hand  at  start  of  mission  for 
those  expended  on  a units 
per  hour  basis 


3 

4~ 

5“ 

6" 

7“ 

8" 


9 

10" 


APST 

W0RK1 


WORK  2 
SLEEP 


CN 

MAXSL 


TFAT 

ACP 

CALRY 


PWRRT 

K7 


K1 


BE  . 


U3HLIM 
K0N(1) 
KON ( 2 ) 
KON ( 3 ) 
KON ( 4 ) 
KON( 5) 
KON ( 6 ) 
K0N(7) 
K0N(8) 
K0N(9) 
K0N(10) 


■m 


i 


Title  Cards 
Inscription 


Consumable  threshold  for  consumable  1,  threshold  1 


2 

3 

4 

5 

6 

7 

8 
9 

10 


Li 


consumable  1,  threshold  2 
2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1.  threshold  3 
2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1,  threshold  4 
2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1,  threshold  5 
2 

3 

4 

s 

6 

7 

8 
9 

10 


D-S 


iMHmMHHiiaiS 


FORTRAN 


KONT(l,l) 

K0NT(2 ,1 ) 

Kont(3,l) 

K0NT(4,1) 

K0NT(5,1) 

K0NT(6,1) 

K0HT(7 ,1) 

K0NT(8,1) 

K0NT(9,1) 

KONT(lO.l) 

K0NT(1,2) 

KONT(2,2) 

KONT(3,2) 

K0NT(4,2) 

KONT(5,2) 

K0NT(6,2) 

K0NT(7,2) 

K0NT( 8,2 ) 

K0NT(9,2) 

KONT(10,2) 

KONT(l,3) 

K0NT(2,3) 

K0NT( 3,3  ) 

K0MT(4,3) 

K0NT(5 ,3 ) 

K0NT(6,3) 

KOMT(7,3) 

KONT(8,3) 

K0NT(9,3) 

K0NT( 10,3) 

K0NT(1,4) 

K0NT(2,4) 

K0HT( 3,4) 

K0NT(4,4) 

K0NT(5,4) 

K0NT(6,4) 

K0NT(7,4) 

K0NT(8,4) 

K0NT( 9,4)  • 

K0NT(10,4) 

K0NT(1,5) 

K0NT(2,S) 

K0NT(3,5) 

K0NT(4,5) 

K0NT( 5,5) 

KOHT(6,5) 

K0MT(7,5) 

K0HT(8,S) 

KONT(9,5) 

K0HT(10,5) 


VALUE 


! 

I 


; 


i 


Title  Card* 


Description 

FORTRAN 

Cmsunsdc  threshold  for  eoosuasble  i. 

threshold  6 

KONT(l ,6) 

2 

K0KT(2,6) 

3 

KOHT(3,6) 

4 

K0NT(4,ft) 

5 

KONT(S.ft) 

6 

K0MT(6|ft) 

7 

K0KT(7,ft) 

8 

K0KT(8,6) 

9 

K0HT(9,6) 

10 

KOMT(10,6) 

consusuble  1, 

threshold  7 

K0MT(1,7) 

2 

K0NT(2,7) 

3 

K0NT(3,7) 

4 

K0MT(4,7) 

5 

K0MT(5,7) 

6 

KOMT(6,7) 

7 

K0KT(7,7) 

8 

K0KT(8,7) 

9 

K0MT(9, 7) 

10 

K0HT(10,7) 

consunable  1, 

threshold  8 

K0HT(1 ,8) 

2 

K0NT(?,8> 

3 

K0NT(3,8) 

4 

K0HT(4,8) 

S 

KONT(5,8) 

6 

K0NT(6,8) 

7 

K0MT(7 ,8) 

8 

KONT(8,8) 

9 

K0NT(9,8) 

10 

KONT(10,8) 

consuswble  1, 

threshold  9 

K0KT(1 ,9) 

2 

K0HT(2,9) 

3 

K0NT(3|9) 

4 

K0NT(4,9) 

S 

KONT(5,9) 

« 

K0NT(ft,9) 

7 

K0MT(7,9) 

8 

K0KT(8,9) 

9 

K0NT(9,9) 

10 

KOKT(10,9) 

eonsuMbls  1, 

threshold  10 

K0NT(1,10) 

2 

KONT(2,10) 

3 

KONTO.IO) 

4 

K0NT(4,10) 

S 

K0NT(S,10) 

ft 

K0NT(ft,10) 

7 

K0MT(7,10) 

8 

KONT(8,10) 

9 

KONT(9,10> 

10 

K0NT(10,10) 

VALUE 


Initial  value  of  consumable: 

1 

KONl(l) 

(units) 

2 

K0H1(2) 

3 — 

__  K0N1(3) 

4 

KOMI (4) 

5 

K0N1(5) 

6 

K0N1(6) 

7 

K0N1C7) 

8 

K0NK8) 

9 . 

K0N1(9) 

10  _ 

KOMI (10) 

i 


t 


i 


1 


I 


r 


Consumable  threshold  for  consumable  1,  threshold  1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1,  threshold  2 
2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1,  threshold  3 
2 

3 

4 

5 

6 

7 

8 
9 

10 

consumable  1,  threshold  4 
2 

3 

4 

5 

6 

7 

8 
9 

10 


KONTl(l) 

K0NT1 ( 2 ) 

K0NT1(3) 

K0NT1(4) 

K0MT1( 5) 

K0NT1(6) 

K0NT1(7) 

K0NT1(8) 

K0NT1(9) 

KONTl(lO) 

K0NTl(l,2) 

K0NTl( 1 • 2 ) 

K0NT1(3,2) 

K0NTl(4,2) 

K0NT1( 5,2) 

K0NT1(6,2) 

K0NT1(7,2) 

K0MT1(8,2) 

K0NT1(9,2) 

K0NT1(10,2) 

K0NT1(1,3) 

K0NT1(2,3) 

K0NT1( 3,3) 

K0MT1(4,3) 

K0MT1 (5,3) 

K0NT1(6,3) 

K0NTl(7,3) 

K0HT1 (8,3) 

K0HT1(9,3) 

KOHT1(10,3) 

K0HT1(1,4) 

K0HTj.(2,4) 

KOHT  l(3,4) 

KONT  1(4,4) 

KOHT  l(  5, 4) 

KOHT  1(6,4) 

K0MTi(7,h) 
KOHT  1(8,4) 
K0NTl(  9,4) 
K0HTl< 10,4) 


I 


Title  Curd* 
Description 


FORTRAN 


VALUE 


Cor.auaabl*  threshold  for  consumable  1,  threshold  5 

2 

3 

4 

s 

6 

7 

8 
9 

10 

consumable  1,  threshold  6 
2 

3 

4 

5 

« 

7 

6 
9 

10 

consumable  1,  threshold  7 
2 

3 

4 

s 

6 

7 

8 
9 

10 

consumable  1,  threshold  8 
2 

3 

4 

s 

e 

7 

8 
9 

10 

consumable  1,  threshold  9 
2 

3 

4 

s 

6 

7 

8 
9 

10 


KONTKl.S) 

KONTK  2»$) 

K0NTK3.5) 

K0KT1<4,5) 

KONTl(5,5) 

K0RTK6.S) 

KONTK  7, S) 

K0NT1(8|S) 

K0NTl(9,5) 

KDNT1(10,S) 

KONTK  1,6) 

KONTK2.6) 

KQNTK3.6) 

K0KT1(4,6) 

KONTK  5, 6) 

K0NT1(6,6) 

K0NT1(7,6) 

KONTK  8,6) 

K0NT1(9,6) 

KOKT1(10,6) 

K0NT1(1 ,7 ) 

K0NTK2.7) 

KONTK  3. 7) 

K0NT1(4,7) 

KONTK  5,7) 

K0NT1{6,7) 

KONTK  7, 7) 

KOHTK8.7) 

K0NT1(9,7) 

KONTKlO.7) 

KONTKl.S) 

K0NT1(2 ,8) 

K0NT1(3,8) 

KONTK  4,8) 

KONTK  5, 8) 

K0NT1(6,8) 

K0NT1(7,8) 

KONTK8.8) 

KONTK  9,8) 

K0im(10,8) 

KONTK  1,9)) 

M0RTK2,9) 

KONTK  3, 9) 

KOHTK-4,9) 

K0NT1(5,9) 

KONTK8.9) 

K0NT1(7,9) 

KONTK  8, 9) 

K0N71(9,9) 

KONTK  10,9) 


;•  i , 


€ 


Title  Cards 


* 

1 

Description 

FORTRAN 

1 

Consumable  threshold  for  consumable  1,  threshold  10 

K0NT1(1,10) 

1 

2 

KONTK2.10) 

2 

t, 

3 

KONT1(3,10) 

1: 

1 

4 

K0NTi( 4,10 ) 

1: 

5 

KONTKS.IO) 

& 

6 

K0NT1(6,10) 

| 

7 

K0NT1(7,10) 

i 

8 

KONTKS.IO) 

« 

9 

KONT1(9,10) 

r 

g: 

?' 

10 

KONTl(lO.lO) 

i 

Sea  State 

f 

K- 

Description  and  height  of  waves  0 — calm,  glassy 

SESTA(l) 

jf. 

in  feet)  1 — rippled,  0-1 

SESTA( 2 ) 

i# 

2 — smooth,  1-2 

SESTAO) 

3 --  slight,  2-4 

SESTA(4) 

4 — moderate,  4-8 

SESTA(S) 

•i 

5 — rough,  8-13 

SESTAC6) 

| 

6 — very  rough,  13-20 

SESTA(7) 

?;. 

7 — high,  20-30 

SESTA( 8) 

8 — very  high,  30-45 

SESTAO) 

9 — exceptionally 

SESTA(IO) 

■ i‘ 

high,  over  45 

V 

intermittent  reliability — electronic  equipment 

RELI(l) 

V 

Intermittent  reliability — electrical  equipment 

RELI(2) 

Intermittent  reliability — electromechanical  equipment 

RELI(3) 

i 

Intermittent  reliability — mechanical  equipment 

RELI(4) 

{ 

Number  of  mission  iterations 

5 

Number  of  iterations  per  computer  run 

N 

i 

Essentiality  threshold,  below  which  an  event  is 

IET 

& 

? 

ignored  (1-100) 

Indicators  for  output  recording  options 

IND(l) 

i 

Print  all  inputs  (1),  or  parameters  only  (0) 

IND( 2) 

Print  (1),  or  don't  print  (0):  crew  initial  conditions 

IND(3) 

5 

: day  numbers  of  * st . re- 

IND(4) 

?■ 

pair,  emergencies 

IND( 5) 

Print  detailed  event  results  for  all  events  beginning 

1: 

with  day 

Print  end  of  day  results  for  all  days  beginning  with  day 

IND(6) 

> 

t 

Print  (1),  or  don't  print  (0)  mission  results  by  indivi- 

IND(7) 

dual  man 

VALUE 


1.0 


HXP2/IP2 - 


i 


Personnel  Data -Card  Format  5 


Title  Cards 
Description 


FORTRAN 


Mean  body  weight  of  total  population  (lbs.)  WT 

Standard  deviation  of  population  body  weight  (lbs.)  SI3WT 
Fraction  of  the  crew  fully  qualified  in  prime- 

specialty  PPFQ 

Fraction  of  the  crew  minimally  qualified  in 

prime  specialty  PPMQ 

Fraction  of  the  crew  unqualified  in  prime 

specialty  PPUQ 

Fraction  of  the  crew  qualified  in  second  specialty  SPFQ 

Fraction  of  the  crew  minimally  qualified  in 

second  specialty  SPUQ 

Avg.  number  of  man  days  between  physical  in- 
capacitations MPI 

Avg.  duration  of  incapacity  (days)  PID 

Physical  capability  constant,  a value  yielded  zero 

physical  capability  due  to  over  exertion  CPC 


VALUE 

SPBPSNL 

NFP1/FP1 


Crosstraining  probability  - enter  fractional  values 
representing  the  probability  of  man  with  a given 
specialty  also  being  trained  in  each  other  specialty. 
Diagonal  elements  are  usually  zero  if  a man  is  not 
to  have  the  same  primary  and  secondary  specialty. 


prim  specialty 


second  specialty 


Crew  composition 

number  of  men  in  each  specialty  at  each  crew  eschelon  (rank  or  level) 


prime  specialty 


esc helon  or  level 


j 

I 


] 

.1 


) 
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Title  Cards 
Description 


Man 


FORTRAN 

NDS 

VALUE 

8ts  per  24  hour  day 
ignnent 

* 

1 

IDS(l-6 ,1 ) 

* 9 * * * 

2 

IDS( 1-6,2) 

9 9 9 9 9 

3 

IDS(l-6,3) 

9 9 9 9 9 

4 

IDS(l-6,4) 

9 9 9 9 9 

S 

IDS(l-6,5) 

9 9 9 9 9 

6 

IDS(l-6,6) 

9 9*99 

7 

IDS(l-6,7) 

9 9 9 9 9 

8 

IDS(l-6,8) 

9 9 9 9 9 

9 

IDS(l-6,9) 

9 9 9 9 9 

10 

IDSC1-6 ,10) 

9 9 9 9 9 

11 

IDS(1-6,11) 

12 

IDS(1-6,12) 

9 9 9 *9 

13 

IDS(1-6,13) 

***** 

14 

IDS(1-6,14) 

9 9 * * » 

15 

IDS(1-6,15) 

9*999 

16 

IDS(1-6,16) 

9 9 9 9 9 

17 

IDS(1-6,17) 

***** 

18 

IDS(1-6,18) 

^9  9*99 

19 

IDS(1-6,19) 

9 9 9 * * 

20 

IDS(l-6,20) 

O |t 

IDS  of  one  or  zero. 

i . e . , one  value  for  each  shii 

ft: 

0 (man  not  assigned  to  this  shift) 

1 (man  is  assigned  to  this  shift) 


Fill  in  matrix  with  zeros  if  necessary. 


i ; 


Title  Cards 
Description 
Equipmme  repair 


Reliability  (days  between  hard  failure) 
Intermittent  failure  duration  (hours) 


For  each  wmt  in  thm  repair  family 
Event  1 

Repair  maxinun  duration  (minutes) 

Probability  of  next  event 

Data  change  number 

Data  change  value 

Event  2 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 

Event  3 * 

Repair  maximum  duration  (minutes) 

Probability  of  next  event 

Data  change  number 

Data  change  value 

Event  4 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 
Event  5 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 
Event  8 

Repair  maximum  duration  (minuted) 
Probability  of  next  event 
Data  change  number 
Data  change  value 
Event  7 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 


RELK 

TUI 


DTR 

PRB( 1-3,1 ) 
IEDC( 1-3,1) 
EDCVU-3,1) 

DTR 

PRB(l-3t2) 
IEDC( 1-3,2) 
EDCV(l-3,2) 

DTR 

PRB(l-3,3) 

IEDCd-3,3) 

EDCV(l-3,3) 

DTR 

PRBd-3,4) 
IEDC( 1-3,4) 
EDCVU-3,4) 

DTR* 

PRB(l-3,5) 

IEDC(l-3,5) 

EDCV(l-3,5) 

DTR 

PRBd-3,8) 

IEDC(l-3,6) 

EDCVd-3,8) 

DTR 

PRB(l-3,7) 

IEDCd-3,7) 

EDCVd-3,7) 


•Punch  these  cards  for  first  equipment  repair  family  only. 


o>ia 


'I 

i 


i 

l 


Title  Card* 

Description 

Event  I 

Repair  MxleuB  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 
Event  9. 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 
Event  10 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Date  change  number 
Data  change  value 
Event  11 

Repair  maximum  duration  (minutes) 

Probability  of  next  event 

Data  change  number 

Data  change  value 

Event  12 

Repair  maximum  duration  (minutes) 
Probability  of  next  event 
Data  change  number 
Data  change  value 


rORTRAH 


DTR 

PRB(l-3,8) 

IEDCd-3,8) 

EDCV(l-3,8) 


llkil 


DTR 

PRB(l-3»9) 

IEDCCl-3,8) 

EDCV(l-3,9) 

DTR 

PRB(1-3,10> 
IEDC( 1-3,10) 
EDCV(1-3,10) 


DTR 

PRBd-3,11) 

I EDC( 1-3,11) 
EDCVd-3,11) 

DTR 

PR1( 1-3,12) 
IEDC(1  3,12) 
EDCV(l-3,i2) 


D>1S 


- 


m, 


I 


*.) 

J 


i 


in  mi  mi  mi  mi 


Complete  the  following  data  shoot  for  each  oquipmont  repair  family,  i.o.,  oaeh  oquipmont 
typo. 


typi. 

Titlo  Cards 
Dsscrijtion 

Total  numbor  of  oquipmonts 

Comploto  tho  following  data  shoot  for  oach  oquipmont 
ropair  in  family,  i.o.  oaeh  oquipmont  typo 
Ropair  description 

Description  d2 digits ) 

Consumable  threshold  see  numbor  (wits/hour) 
Consumable  threshold  (units) 

Numbor  of  ropair  events  in  family 
Family  numbor 


Event  1 Typo  numbor 
Precedent  events 
Next  eve.nts 

Ropair /Touch  up  (1,2,3) 

Event  family  indicator  (0,1,2) 
Event  2 Typo  numbor 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  3 Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  4 Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  5 Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  6 Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  7 Type  number 
Precedent  events 
Next  events 
Rapair/Touch  up 
Event  family  indicator 


FORTRAN 

NEQRE 


li tm/rn- 


IETYP 

IPE 

NX(1-3,1) 

RTU 

IF0I 

IETYP 

IPE 

NX(l-3,2) 

RTU 

IF0I 

IETYP 

IPE 

NX(l-3,3) 

RTU 

IF0I 

IETYP 

IPE 

NX(l-3,4) 

RTU 

IF0I 

IETYP 

IPE 

NXU-3,5) 

RTU 

IF0I 

IETYP 

IPE 

NXd-3,6) 

RTU 

IF0I 

IETYP 

IPE 

NXU-3,7) 

RTU 

IF0I 


Title  Cards 
DssoriPtion 

Event  8 Type  number 
Precedent  events 
Next  events 
Repeir/Touch  up 
Event  family  indicator 
Event  9 Type  number 
Precedent  events 
next  events 
Repair/Touch  up 
Event  family  indicator 
Event  10  Type  number 
Precedent  events 
Next  events 
Repair/ Touch  up 
Event  family  indicator 
Event  11  Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 
Event  12  Type  number 
Precedent  events 
Next  events 
Repair/Touch  up 
Event  family  indicator 


I 

i 


* Punch  only  after  end  of  all  equipment  repair  data. 


FORTRAN 

IETYP 

IPE 

NX(l-3,8) 

RTU 

IF0I 

IETYP 

IPE 

NX( 1-3,9) 

RTU 

IF0I 

IETYP 

IPE 

NX(1-3,10) 

RTU 

IFOI 

IETYP 

IPE 

NX(1-3,11) 

RTU 

IFOI 

IETYP 

IPE 

NX(1-3,12) 

RTU 

IFOI 


VALUB 


» 

» ri  » -|  | > 

> 


% 

% > I 

> 

- _ t 


,1 


1 

S 

% 

_ I 

% ....  % t 

t 

» 

t 

% 

1 -i  % 

* 

$ 


i 


Li 
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EMERGENCY  EVENT  DATA  - CARD  FORMAT  7 
Repeat  following  data  for  each  amargency  typa. 


Emargancy  Xumber 


Tit la  Cards 
Dascriotlon 


FORTRAN 


Valua 


Emergencies 

Emargancy:  Dascription 
Essantiality 

Numbar  of  man  required  (by  typa) 


Mantal  load 

Rata  of  consumabla  axpanditura  for  thosa 
axpandad  on  a units/hour  basis 


IESSE 

NREQE(1-5,1 ) 
NREQE(6-10 ,1 ) 
LODME 


Thrashold  sat  for  units/hours/consumables 
Rata  of  consumabla  axpandituras  (units) 


Thrashold  sat  for  units/consumablas 
Hazard  class 

Enargy  consumption  by  personnel  types 
(calories/hr) 


IRCE(1-5,1) 
IRCE( 6-10,1) 
TSE 

IRCEKl-5,1) 
IRCE1( 6-10,1) 
TSE1 
I HE 


Mean  numbar  of  days  between  occurrence  of  this 
typa  of  emergency 


IECE( 1-5,1 ) 
IECE(6-10, 1 ) 


NDBE 


Repeat  following  data  for  each  emargancy 


Average  recovery  time  (hours) 

Average  standard  deviation  of  recovery  time  (hours) 
Duration  target  for  recovery  from  this  amargency 


ART 

ASDE 


type  (hours) 


DTE 


016 


SSMREVT 
NIPS/ IPS- - 


67H 


NFPS/FPS- 


. 9 


J 


M 


i 

i 

» 

l 


EVENT  TYPE  DATA  - CARD  TORMAT  8 


Event  type  number 


Hf 


!r 


i % 


i 


Title  Cards 


Description 

FORTRAN 

Value 

Event  type  data 

STY  PE 

NIPS/IPS • 

Description  of  event  type 
Essentiality  (0  to  100) 

Number  of  men  required  (by  type) 

Mental  load 

Kind  of  event  end  time  (1=  fixed  end; 

2=  variable  end) 

Kind  of  event  (1=  normal;  2=  training) 

Rate  of  expenditure  of  consumables  (units/hours) 

Rate  of  expenditure  of  consumables  (units) 

Hazard  class  (1-3  low,  4-6  medium,  7-9  heavy) 
Energy  consumption  (cal. /hr.) 

Number  of  equipments  required1' 

Equipments  required* 

Class 

Complete  entry  of  all  Ivent  type  data,  XXSS  to  ICLASS, 
for  all  Ivent  types  before  entering  duration  date. 


IESS 

NREQ(1-5,1) 

NREQ(6-10,1) 

LOOM 

KE 

INT 

IRC (1-5,1) 
IRC{ 6-10,1) 
IRC1(1-5,1) 
IRC1(6-10,1) 
IH 

IEC( 1-5,1) 

IEC(6-10,1 ) 

NIQR 

IQR( 1-6) 

ICLASS 

ADUR 

ASD 


Precede  duration  data  by  MFPS/VF3  - 

Hotel  lech  RAMSL1ST  entry  (ex  $TTPI  MZP5/IP5  -) 

occurs  only  once.  It  Is  not  rspeatsd  before  each 
task  type. 

Average  duration  (hours) 

Average  standard  deviation 


67H 


*For  event  type  data  which  are  for  equipment  repair,  NIQR  must  be  1 (one  equipment 
being  repaired)  and  IQR(l-6)  should  be  of  the  form  (X, 0,0, 0,0,0)  where  X is  the 
number  of  the  equipment  to  be  repaired.  For  scheduled  event  types  where,  say 
equipment  numbers  1,3,  and  11  are  to  be  used  in  the  event,  NIQR®  3 and  IQR(l-6)« 
(1,3,11,0,0,0). 


j 
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SCHEDULED  EVENT  SEQUENCE  DATA  - CARD  FORMAT  9 


.1 


Scheduled  events  title  card 

FORTRAN 

Format 

Value  _ 

(Input  card  not  free  format) 

Day  number  for  this  iteration 

ND 

13 

Number  of  scheduled  events  this  iteration 

NOSE 

13 

Title  for  this  day 

11A6 

776Tpacea ) 

Complete  the  following  data  for  each  scheduled  event: 

Scheduled  Event  Name 

Scheduled 

Event  Number 

Scheduled  Events 

FORTRAN 

Value 

Event  type 

IETYP 

ssaavT 

NIP 3 /IP  3- 

• 

Precedent  event  sequence  number  which 
must  be  completed  before  current  event 

IPE 

» 

Threshold  set  (units/hour) 

TS 

t 

Threshold  set  (units) 

TS1 

t 

Repeat /Touchup  code  (1*  repeat}  2*  touchup, 

3»  no  action) 

RTU 

% 

Event  family  indicator 

IFOI 

% 

Number  in  family 

NIF 

1 

Family  number 

IEFN 

» 

Next  events 

NXU-3,1) 

% 1 t 

(Repeat  for  each  scheduled  event) 

Time  limit 

TL 

NTP3/FP3m 

% 

Start  time  (hours) 

ST 

% 

Probability  of  alternatives 

PRB( 1-3,1) 

\ 

Data  change  number 

IEDC(1-3,1) 

% 

Data  change  value 

EDCV( 1-3,1) 

. $ 

(Repeat  for  Mch  scheduled  event) 


'W  » ■*  1 41 WP. Jl  JHUJJJ 
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APPENDIX  E 

CONFIDENCE  BOUND  ESTIMATION 

B.l  Introduction 

In  this  section,  two  methods  for  estimating  the  confidence 
bounds  of  a lognormal  distribution  are  described.  The  first  method 
estimates  the  confidence  bound  due  to  the  expected  sample  variations  of 
the  parameter  estimates.  The  second  method  estimates  the  confidence 
bound  due  to  the  noise  effect,  which  is  the  random  variations  from  the 
smooth  envelope  of  a true  lognormal  distribution.  Normally,  when  the 
random  sample  deviations  from  the  true  lognormal  distribution  are 
negligible,  only  the  first  method  will  be  required.  Otherwise,  the 
confidence  bounds  of  methods  1 and  2 should  be  combined  to  provide  a 
conservative  result. 

In  order  to  clearly  illustrate  the  estimation  procedures,  the 
the  sample  elapsed  (or  repair)  times  (x)  of  table  E-l  are  used. 

Initially,  the  lognormal  regression  line  is  estimated,  by  a 
shortcut  method,  as  a straight  line  connecting  the  estimated  median  and 
the  95th  percentile  point. 

> ' The  estimated  median  of  repair  time  • MTTRg  ■ x(50Z)  - 1.234? 


The  expected  x (95Z)  ■ MTTRq  exp  (1.6450/0.434).  0 (the 

estimate  of  0)  is  computed  from  equation  (E-2)  and  is  equal  to  0.623/2.3, 
or  roughly  0.271.  Therefore,  the  expected  x (95Z)  - 1.234  exp  [1.645 
(0. 271) /0. 434]  - 3.443. 

The  regression  line  can  then  be  plotted  on  lognormal  paper  in 
figure  E-l  by  joining  the  two  points  x(50Z)  and  x(95Z).  The  detailed 
procedures  for  estimating  the  other  data  points  in  figure  E-l  are  ex- 
plained in  the  following  sections. 


r. 

i 


\ 


E.2 


Procedure  for  Estimating  Confidence  Bound  Due  TO  Variations  of 

Parsmeter  Estimates 


gzessd: 


E.2.1  Calculation  Procedure.  This  method  assumes  the  random  varia- 
tion between  x and  a true  lognormal  distribution  is  negligible  so  that 
equation  (E-l)  holds. 


*From  Table  E-l,  MTTKq  «eW  ■ 1.234. 


j 

i 

i 


i 


I 


i 

i 

I 


Lag end 


Data  Source 


A - A Estimated  Lognormal  Regression  Line 
XXX  Discrete  Semple  Data  Points 
e - e 951  Confidence  Bound,  Method  2 
0-0  96%  Confidence  Bound,  Method  l 
c - c*95X  Confidence  Bound,  Combined 
Methods  1 & 2 


Paragraph  X-l 

Taole  X-l,  2,  Colums  (3)  & (5) 
Table  X-2,  Columns  (3)  & (a)  or  (13) 

Table  X-l,  Columns  (3)  & (8)  or  (9) 

Table  X-3,  Columns  (3)  & (?)  or  (9) 


Mote:  X Sample  data  polnta  are  either  above  or  below  the  regression  line  depend- 
ing on  whether  t is  positive  or  negative  - see  Table  X-2,  Column  (7). 


Figure  1-1.  Illustrated  Lognormal  Regreaalon  Line  and  Confidence  Bounds 


E4 


* 

J 


c: 


< i 


lnX  « Y'  - y’  + o' Z 


(E-l) 


X - random  variable  of  the  entire  population;  X la 
lognormally  distributed 


x - sampled  random  variable  from  the  population 
Y*  - normally  distributed  with  a mean  y*  and  variance  cr'2 


N N 

y'  - true  mean  of  Y'  ■ £ lnX/N  Y'/N 


yf  - estimate  of  y'  ■ £ lnX/n 
o'  - true  standard  deviation  of  lnX 


VN 

TdnX-y* 

N 


ll 


o'  - estimate  of  o'  [see  equations  (E-2)  and  (E-3)  ] 
y'  - natural  logarithm  of  x or  lnx 

N - population  size  (In  many  cases  N is  extremely  large) 
n - sample  size.  In  this  section  n is  assumed  to  equal  M. 
o - true  standard  deviation  of  log  X 
o - estimate  of  o 
Z - standardized  normal  variate 
a - significance  level 
M - Interval  size 


I'  “ .fe(lnx)2  - (Ilnx)2/n 

\ n - 1 

rs  n: 

• 2.3o  ■ 2.3  \ £ (log  x)2  - ( I")  log  x)2/n 
" n - 1 


(E-2)* 


* Equation  (B-2)  should  be  used  when  sample  size  Is  small;  equation  (E-3) 
la  easier  to  estimate  o',  but  sample  size  should  be  equal  or  greater 
than  20. 


E-l 


■ i 


i 


For  n (sample  size)  20,  In (10)  - 2.3 

o - 2.3a  - 2.3  }[^  Vi7i5  108  (2  */n)/D  <E~3> 

when  D • Antilog  ( log  x/n) 

Since  y'  is  a random  variable  which  (according  to  the  central 
limit  theorem)  is  normally  distributed  with  the  mean  y'  and  the  standard 
deviation  a'/  y/n",  the  confidence  Interval  of  y*  can  be  estimated  by: 


Probability  (y'L  < y'  < y’g) 

- probability  j (P ’ - to/2(lHL)  jl-K  y*  <(y' 

( d.f. 

+ Za/2  (n-1)  y/W)  [ " 1 “ “ 
d.f.  ’ 


(E-4) 


i 


1 


Since  lnx  is  normally  distributed,  and  (n-1)  a'2  is  equal 

to  /]  (lnx  — y')2,  the  confidence  bound  of  a'2  can  be  estimated  by 
equation  (E-5) . Note  that  one  degree  of  freedom  is  lost  due  to  the 
estimate  of  y*. 


Probability  (o^  < a* ^ < a^) 

« probability  j (n-l)o  < a * 

f x2  (1  - oi/2)  (n-1,  d.f.) 

„ (n-1)  a'2  f (E-5) 

x a/2  (n-1  d.f.)) 

- 1 - a 


*In  equation  (E-3),  the  correction  factor  Vh/ (M-l)  is  derived  empirically. 
For  instance,  using  the  example  illustrated  in  page  80  of  "Maintain- 
ability Principles  and  Practices,"  Blanchard  and  Lowery,  the  standard 
deviation  estimate  based  on  27  samples  without  correction  factor  re- 
sulted in  1.724  percent  error.  When  correction  factor  is  used,  the 
error  is  reduced  to  0.155  percent. 

E6 


i id 


i 


it  i 

B 1 


# 


j 


According  to  the  proof  provided  in  section  10.4  of  "Introduc- 
tion to  the  Theory  of  Statistics,"  (Mood,  A.  and  Graybill,  F.,  McGraw- 
Hill,  1963),  the  estimates  of  the  mean  and  variance  of  x are  statistically 
Independent;  consequently,  their  convariance  is  aero.  This  permits  us 
to  set  up  a deterministic  confidence  bound  of  x values  for  a fixed  stand- 
ard normal  variate  Z by  estimating  the  worst  combinations  of  li'^,  u *h . 

0'L  end  o'H. 


X (upper) 
X (lower) 

X (upper) 
X (lower) 


“»  [2(SV  + S’h] 

[«®v  + “'J 

exp  Z(0'L)  + p'H 
exp  fz(o'H)  + p'L 


!for  all  Z > 0 
(Z  positive) 

(for  all  Z £ 0 
(Z  negative) 


(E-6) 


(E-7) 


Since  the  probability  of  a parameter  equal  to  (or  exceeding)  its 
estimated  limits  is  a (or  < a) , the  joint  probability  of  both  parameters 
(p*  and  o')  equaling  (or  exceeding)  their  respective  limits  is  a2  (or 
<a2);  consequently,  equation  (E-8)  can  be  established. 


1 

k 


Probability  ^X(lower)  <X<  X(upper)J.>  1 - a?  (E-8) 

E.2.2  Example.  Using  the  data  from  table  E-l,  rearrange  the  sample 
elapsed  time  (x)  in  the  ascending  order  as  recorded  in  table  E-l,  column 
(5).  The  remaining  columns  of  table  E-l  are  described  as  follows: 

Columns  (1)  and  (2)  are  self-explanatory,  and  column  (3)  records  the 
midpoint  of  accumulative  frequency  of  column  (2).  For  instance,  midpoint 
of  0 and  0.1  is  0.0S,  midpoint  of  0.1  and  0.2  is  0.15,  etc.  A simple 
formula  for  estimating  midpoint  accumulative  frequency  (F')  is  shown  In 
equation  (E-9) . 


2i-l 

2M 


F’ 


(E-9) 


i » the  sample  sequence,  which  ranges  from  1 to  n 
M “ the  total  interval  else,  which  is  10  in  this  example 
F'  ■ the  midpoint  accumulative  frequency 


Column  (4)  records  the  standardised  normal  variate  value  Z,  which  can  be 
derived  from  a cumulative  normal  table  with  F*  values  as  the  inputs. 
Column  (5)  records  sample  data  (x)  in  ascending  order.  Columns  (6) 
through  (9)  data  can  be  computed  using  equations  (E-6)  and  (E-7). 
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J 


E-7 


1! 

i 

i 
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i 

i 


i 


4 


i 

i 

\ 


1 
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TABLE  E-l.  CONFIDENCE  BOUND  DUE  TO  RANDOM  SAMPLE  VARIATIONS  OF 
PARAMETER  ESTIMATES,  METHOD  1 DATA 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

k 

Accub. 

freq. 

<r) 

Midpoint 

r- 

z 

Repeir 

Tint 

X 

Inx 

(upper) 

lnx 

(lower) 

A 

X 

(upper) 

A 

X 

(lower) 

1 

0.1 

0.05 

-1.643 

0.3 

-0.319 

-1.363 

0.727 

0.209 

2 

0.2 

0.13 

-1.04 

0.63 

-0.024 

-1.013 

0.976 

0.363 

3 

0.3 

0.23 

-0.675 

0.8 

0.134 

-0.679 

1.166 

0.507 

4 

0.4 

0.33 

-0.386 

0.9 

0.295 

-0.416 

1.343 

0.660 

5 

0.3 

0.43 

-0.123 

1.1 

0.422 

-0.177 

1.525 

0.838 

6 

0.6 

0.35 

0.123 

1.25 

0.597 

-0.001 

1 .81 7 

0.999 

7 

0.7 

0.65 

0.386 

1.5 

0.836 

+0.126 

2.306 

1.134 

8 

0.8 

0. 73 

0.673 

1.8 

1.100 

0.267 

3.004 

1.306 

9 

0.9 

0.83 

1.04 

2.3 

1.43 

0.445 

4.195 

1.560 

10 

1.0 

0.95 

1 .643 

rz-o 

4.1 

1.987 

0.740 

7.294 

2.095 

In  order  to  use  equations  (E-6)  and  (E-7),  p'n,  p'i,,  O'h.  and  o'L  must  first 
be  computed.  The  computation  procedures  are  Illustrated  as  follows: 

n ■ 10  ■ M 

n 

MTTRq  ■ Antilog  ( X log  x/n)  - 1.234 
U - In  (MTTRg)  - 0.210 
o estimated  from  equation  (E-2)  « 0,623 
Let  a • 20  percent.  From  a student's  t table, 
t0. 2/2 (10  ‘ 1.  <*.f.)  - 1.383. 

From  equation  (E-4) : 

/s 

S'l  - U'  - tamn-l)^-  -0.062 

dtf  «. 

A 

p'H  * £’  + ta/2(n-l),^S-"  °*483 


■i 


! 


i 


I 

i 

i 


f: 

\ 


E«8 


o 


L (1-0. 2/2)  (n-1,  d.f"7 

VIS. 

14.7 


- 0.623  x. 


0.487 


To  compute  data  in  columns  (6)  and  (8)  for  Z - +1.645,  aqua- 
tion (E-6)  can  ba  uaad  as  follova: 

lnX  (uppar)  - Z (o'H)  + 0»H  - 1.645  x (0.915)  + 0.483  - 1.987 

£ (uppar)  - axp  (1.987)  - 7.294 

To  coaputa  columns  (7)  and  (9)  data  for  Z • +1.645,  aquation 
(B-6)  can  ba  uaad  aa  follows: 

lnX  (lover)  - Z(a'i)  + $*L  - 1.645  x (0.487)  - 0.062  - 0.739 

X (lovar)  - axp  [0.739]  - 2.095 

Slallarly,  tha  othar  data  of  coluana  (6)  through  (9)  can  ba 
computed;  hovavar,  notlca  that  aquation  (E-6)  should  ba  uaad  for  all 
poaltlva  Z valuas,  and  aquation  (E-7)  should  ba  uaad  for  all  nagatlva 
Z valuas. 

Tha  X (uppar)  and  £ (lovar)  valuas  with  thalr  corresponding  F' 
valuas  ara  plot tad  In  flgura  E-l  to  provlda  Method  1 confldanca  bounds. 

E.3  Procedures  for  Bat last jpg  Confldanca  Bound  Qua  to  Random 

Davlatlon  ftoa  a Trua  Lognormal  Distribution.  Method  2 

Method  2 la  baaad  on  a classical  linear  ragrasslon  confldanca 
bound  computation  procedure,  Tha  basic  notations  stated  In  section  E-2 
ara  unchanged ; hovavar,  because  tha  nathod  Is  Intsndad  to  as t lasts  tha 
confldanca  bound  due  to  tha  randoa  deviations  froa  tha  saooth  envelope 
of  a trua  lognoraal  distribution,  aquation  (E-l)  In  section  E.2  should 
ba  replaced  by  aquation  (B-10)  below: 

lnX  » V • w'  + o'Z  + e 


(E-10) 


8*9 


e is  a nuisance  variable  that  is  assumed  to  be  normally  dis- 
tributed about  the  regression  line  with  a variance  equal  to  02e  and  a 
mean  roughly  equal  to  sero.  If  the  true  values  of  y* , o',  and  Og  are 
known,  the  95th  percentile  prediction  Interval  for  Y0*  vould  be  simply:* 

y'  + o'Z0  - 1.96oe  to  y’  + o'Zj,  + 1.96ae 


Because  all  three  parameters  are  unknown,  we  shall  attempt  to  establish 
an  Interval  in^terms  of  their  estimates.  The  variate  e&  ■ Y'0  -y ' - o'Z 
(or  f-y'o-y'  - o 'Z0>**  must  also  be  normally  distributed  because  it 
is  a linear  function  of  the  normal  variates  Y'0  (or  y’0),  M* , and  o'. 

The  mean  of  c is  sero  and  its  variance  Og  , is: 


ag2  - E (e2) 

- E (y'c  - y'  - o'Z0)2 


■ a 


(E-1D+ 


The  meaning  of  the  terms  on  the  right  hand  side  of  equation  (E-ll)  are 
explained  as  follows:  the  first  term  is  the  expected  variance  of  y'0  or 
simply  oe2,  the  second  term  is  the  variance  contribution  to  o*2  due  to 
the  random  variable  y,  and  the  thi£d  term  is  the  variance  contribution 
to  Oe2  due  to  the  random  variable  o’. 

Since  the  variate  e/0£  is  normally  distributed  with  sero  mean 
and  unit  variance  and  is  distributed  Independent  of  oe2  (n-2)/a2  which 
has  a chi-square  distribution,  equations  (E-12)  and  (E-13)  can  be 
established: ft  ^ 

t . C/0e  (E-12) 


*Y'0  indicates  a specific  Y'  value,  that  corresponds  with  ZQ,  which  is 
a specific  value  of  Z;  y*  is  a subset  of  Y*. 

**e  is  the  estimate  of  e;  I is  an  estimate  of  e. 

tBquation  (E-ll)  is  true  only  when  £ Z/n  or  7 is  sero.  For  the  lognormal 

distribution  application,  this  condition  is  quite  appropriate  because 
at  the  median  (50th  percentile)  of  a distribution,  Z is  always  sero. 

See  derivation  in:  (1)  Hood,  A.,  and  Grayblll,  F. , "Introduction  to 
the  Theory  of  Statistics,"  McGraw-Hill,  1963,  Section  10.4;  and  (2) 

HBS  HDBg  91,  "Experimental  Statistlca,"  August  1963,  Chapter  5. 

ttOp2  - L (y*  -y  - o'Z)2/(n-  2);  two  degrees  of  feeedom  are  lost  due  to 

the  estimates  of  y*  and  o'. 


MO 


V, 


■ 1 - a 


l 

i 

*7 

I 

I 


* 

* 


■'  .'■."«V‘A  -;-*«*;«e:  . ■>, 


Probability  j (p*  + o'  Ze  - A)<y'0  <(p'  + o' Z0  + A)  j 
whara : 

* - ta/2<«-2  d.t.)  sct[77J71J7T? 


(E-13) 


E.3.1  Comments  on  Equation  (E-13) . Note  that  y'0  is  a aubaat  of 
Y'0,  or  simply  lta  estimate.  The  y*0  ranga  predicted  by  aquation  (E-13) 
la  only  a aubaat  of  Y'0  ranga'— not  tha  axpactad  maximum  ranga  of  Y'0  with 
(1  - a)  probability.  Tha  aampla  rasult  shown  in  figure  E-l  points  out 
that  aquation  (E-13)  only  affactlvaly  predicts  tha  confidanca  interval 
for  tha  random  aampla  davlatlons  from  tha  smooth  envelops  of  tha  lognormal 
distribution.  To  predict  tha  expected  maximum  Y'c  range,  equation  (E-14) 
in  aactlon  E.4  should  be  consulted.  In  other  words,  equation  (E-13)  holde 
only  for  a single  prediction  based  on  p,  a,  and  oe;  the  relation  has 
meaning  only  if  p',  o',  and  oE  are  re-estimated  each  time  a prediction 
on  y'0  is  made. 


E.3.2  Illustrative  Example  (Method  2).  Again,  tha  repair  time  data 
from  table  E-J  are  used  for  tha  illustrated  example.  As  explained  in 
section  E.2,  y ' is  0.210,  a is  0.623,  and  n is  10.  ot  is  chosen  to  be 
0.10  and  ta/2(n-2,  d.f.)  is  2.306.  Table  E-2  data  computation  procedures 
are  explained  as  follows. 

Columns  (1)  through  (5)  data  of  tables  E-l  and  E-2  are  iden- 
tified: tha  descriptions  of  these  data  are  the  same  as  that  stated  in 
aactlon  E.2. 


Columns  (6)  through  (8)  are  self-explanatory.  Note  that  sum 
of  column  (7)  data  should  be  close  to  sero  to  ensure  that  the  regression 
line  achieved  by  tha  shortcut  method  shown  in  section  E.l  is  roughly 
equivalent  to  that  by  the  classical  linear  regression  line  estimation 
approach.  Also,  nota  that  the  unbiased  estimate  of  aE  la: 


V 

V 


Sum  of  Column  (8)  table  E-2 
n-2 


or 

10-2 


- 0.088 


(E-14) 


Column  (9)  "A"  data  can  be  computed  by  Inserting  the  appropriate 
parameter  values  into  equation  (E-13).  Note  that  in  this  illustrated 
example  ££2  is  roughly  8.800. 

Columns  (10)  through  (13)  data  derivation  procedures  are  self- 
explanatory.  Columns  (10)  and  (11)  provide  y'o  ranges  defined  by  equation 
(E-13).  Columns  (12)  and  (13)  convert  these  y'0  range  values  to  x values 
so  that  they  can  be  plotted  on  figure  E-l. 

E-11 
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■? 

A 


i 


ii 


TABLE  B-2.  CONFIDENCE  BOUND  DUE  TO  RANDOM  SAMPLE 
DEVIATIONS  FROM  A TRUE  LOGNORMAL  DISTRIBUTION 
(METHOD  2) 


) 


i w 

<*> 

<♦> 

(2) 

... 

o*> 

<u> 

tit) 

1!>> 

It 

Acswa. 

freq. 

<F)«h/a 

rfNpeUt 
of  r, 

F' 

t 

lepeir 

Times 

a 

* • 

Ina 

HNO 

4* 

1 Cartel  J, j 

wee 

Iquatien  (1-13) 

V-A 

INA 

«(.!#)- 

n,0Hk) 

1 

O.t 

0.01 

-I.04J 

0.1 

-0.014 

0.111 

0.011 

0.140 

•1.014 

-0.124 

0.144 

0,144 

> 

0.2 

0.11 

•1.04 

0.41 

-0.412 

0.004 

0.000 

0.114 

-0.441 

-0.111 

0.114 

0.044 

3 

0.1 

o.u 

-0.411 

0.0 

-0.110 

-0.011 

0.000 

0.112 

-0.411 

♦0.001 

0.411 

1.002 

A 

0.4 

0.11 

-0.104 

0.9 

-0.010 

-0.021 

0.004 

0.114 

-0.144 

♦0.144 

0.204 

1.901 

3 

0.1 

-0.111 

1.1 

♦0.113 

-0.012 

0.001 

0.111 

-0.040 

0.144 

t.w 

1.411 

A 

0.0 

oil 

0.111 

1.11 

♦0.100 

-0.041 

0.004 

0.113 

♦0.021 

0.101 

1.024 

I.IM 

2 

9.91 

0.194 

1.1 

♦0.411 

-0.041 

0.001 

0.114 

0.112 

0.441 

1.942 

1.944 

4 

0.0 

0.23 

0.421 

1.0 

♦0.411 

-0.041 

0.001 

0.112 

0.414 

0.444 

».»i» 

I.ID 

9 

0.9 

o.u 

1.04 

1.1 

♦0.010 

-0.013 

0.001 

0.944 

♦0.414 

1.041 

l.MS 

1.414 

10 

1.0 

091 

1.441 

4.1 

♦1.114 

♦0.122 

0.011 

0.140 

♦0.994 

1.424 

9.201 

4.141 

E.4  Comment  on  Figure  E-l  and  the  Procedure  for  Combining 

Methods  1 and 2 1 

After  observing  the  regression  line  confidence  bounds  shown  In 
figure  B-l,  we  can  see  that  the  aethod  2 prediction  Is  effective  only  In 
predicting  the  confidence  interval  for  the  noise  effect  alone.  According 
to  table  E-2,  coluan  (9),  the  A values  era  nearly  conetanj:,  which  Is 
roughly  equivalent  to  the  product  of  t<x/2 (n-2 , g.f.)  and  oe.*  As  a 
saaple  slse  (n)  Increases,  this  phenomenon  will  be  even  aore  noticeable. 

This  Is  because  table  E-2,  coluan  (9)  data  Is  coaputed  assuming  y' , o' 
are  constants  so  that  the  coaputed  A value  will  predict  the  range  of  y'o 
(which  la  a subset  of  Y'  ) at  a given  confidence  level.  If  equation 
(E-13)  Is  aodlfied  to  predict  the  confidence  Interval  of  Y'0  Instead  of 
y*  , the  worst  expected  coablnatlon  of  aaxlaua  ranges  of  y*  and  o'  values 
should  be  used  so  that  the  probability 


* T'o  « V 


probability  | y'  (j4’®'  ()*o"A<  *'o  < **' 
♦ 5*(  >Z0  ♦ A)  \ > 1 - a 


( ) 

(E-13) 


•The  A value  is  the  repair  tiaa  interval  between  confidence  bound  and 

regression  time. 


J 


E-12 


In  £his  case  U(  ) can  ba  aiehar  y'jj  or  W*l>  «*»<!  o*(  ) can  ba  aithar  a’H 
or  0’l  dapanding  on  which  combination  provides  tha ^maximum  ranga  of  Y’0. 

Tha  rulaa  for  aalacting  tha  propar  pair  of  y’  and  a*  limits  are  aa  follows: 

VH  - In X (upper)  + A - y'H  + Zo(o'H)  + A for  ZQ  > 0 (E-16) 

VH  - lnX  (upper)  + A - y’H  + Zo(o'L)  + A for  ZQ  < 0 (B-17) 

V.  - lnX  (lower)  - A - y't  + Z (o'.)  - A for  Z >0  (B-18) 

VT  - lnX  (lower)  - A « y\  + Z (S’H)  - A for  Z <0  (E-19) 

L L O O — 

This  rule  is  identified  with  that  shown  in  equations  (E-6)  and  (E-7). 


Since  tha  value  of  y'«,  y'^,  o'h  end  cj'l  can  ba  estimated  by 
aquations  (E-4)  and  (E-5) , and  A'r  valua  can  ba  estimated  by  equation 
(E-13) , tha  confidence  bound  predicted  by  equation  (E-15)  la  equivalent 
to  the  combined  results  of  Methods  1 and  2.  To  illustrate  how  combined 
Methods  1 and  2 can  be  used,  table  E-3  is  constructed.  The  procedures 
for  computing  the  data  in  tabla  E-3  are  explained  as  follows: 

Column  (1)  and  (2)  data  are  obtained  from  table  E-l  or  E-2 , 
columns  (3)  and  (4). 

To  estimate  the  data  in  row  1 of  columns  (3)  and  (4) : 
y'u  (from  page  7-8  computation)  ■ 0.483 
o'l  (from  page  7-8  computation)  ■ 0.487 
A (from  table  E-2,  row  1,  column  (9))  ■ 0.240 
VH  - 0.483  - 1.645  (0.487)  + 0.240  - -0.078 
y'L  (from  page  7-7  computation)  ■ -0.062 
o'u  (from  page  7-8  computation)  ■ 0.915 
VL  - y'L  - 1.645(0'H)  - 0.240  - -1.807 
To  estimate  the  data  in  row  1 of  columns  (5)  and  (6): 

X high  * **P  <VH>  ■ **P  (-0.078)  » 0.925 
X iow  - exp  (VL)  • exp  (-1.807)  » 0.164 


TABLE  E-3.  COMBINED  METHODS  I AND  2 CONFIDENCE  BOUND  PREDICTION 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

V„  - InX 

VL  - InX 

. Combined 

* Combined 

r 

Z 

(upper)  + 4 

(lover)  - A 

*hl«h  ’ •*»  VH 

*lov  ' **P  VL 

0.05 

•1.645 

-0.078 

-1.807 

0.925 

0.164 

0.15 

-1.04 

+0.200 

-1.237 

1.221 

0.290 

0.25 

-0.675 

+0.371 

-0.897 

1.449 

0.408 

0.35 

•0.386 

0.509 

-0.625 

1.663 

0.333 

0.45 

•0.123 

0.634 

-0.389 

1.886 

0.678 

0.55 

0.125 

0.810 

•0.214 

2!  247 

0.808 

0.65 

0.386 

1.030 

-0.088 

2.837 

0.916 

0.75 

0.675 

1.317 

0.050 

3.733 

1.051 

0.85 

1.04 

1.638 

0.221 

3.248 

1.247 

0.95 

1.643 

2.227 

0.499 

9.276 

1.647 

E.4.1  Final  Comment  on  Combined  Mat hods  1 and  2.  Nota  that  a used 
In  method  1 (table  E-l)  la  20  percent  while  a used  In  method  2 (table 
E-2)  Is  5 percent.  Proof  that  these  methods  are  compatible  Is  that 
according  to  equation  (K-8) , the  ultimate  confidence  level  of  method  1 
is  1 - (20X)2,  or  96  percent,  while  that  by  method  2 is  1 - (5%),  or 
95  percent.  Since  e defined  by  equation  (E-10)  is  independent  of  u' 
and  o',  the  combined  confidence  level  according  to  equation  (E-15) 
should  be  equal  to  or  greater  than  95  percent. 


